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(57) A semiconductor device comprises a semicon- 
ductor substrate (26) having opposite front and rear sur- 
faces; a semiconductor element disposed on the front 
surface of the semiconductor substrate (26) and includ- 
ing an electrode (21); a PHS (27) for dissipating heat 
generated in the semiconductor element, the PHS com- 
prising a metal layer and disposed on the rear surface of 
the semiconductor substrate (26); a via-hole (25) com- 
prising a through-hole penetrating through the semicon- 
ductor substrate (26) from the front surface to the rear 
surface and having an inner surface, and a metal (24a, 
27a. or 51) disposed in the through-hole and contacting 
the PHS (27); and an air-bridge wiring (24) comprising 
a metal film and having first and second portions, the air- 
bridge wiring (24) contacting the electrode (21) of the 
semiconductor element at the first portion and contacting 
the metal (24a, 27a, or 51 ) of the via-hole (25) at the sec- 
ond portion. Therefore, heat produced in the semicon- 
ductor element is transferred to the PHS not only through 
the semiconductor substrate just under the element but 
also through the air-bridge wiring and the via-hole. 
whereby the heat dissipating property of the device is 
significantly improved. 



FTg.5 






a 

LU 



Printed by Rank Xerox (UK) Business Services 
2.9.7/34 



1 



EP 0 693 778 A2 



2 



Description 

FIELD OF THE INVENTION 

The present invention relates to semiconductor 5 
devices and. more particularly, to heterojunction bipolar 
transistors (hereinafter referred to as HBTs) having 
improved heat dissipation property. The invention also 
relates to methods for fabricating the HBTs. 

10 

RAOKGROUN n OF THE INVENTION 

In recent years, HBTs comprising GaAs and related 
compounds (hereinafter referred to as GaAs series 
HBTs) have been developed for high-power output is 
microwave devices. However, since the GaAs series 
HBTs have high thermal resistance, the junction temper- 
ature undesirably increases when used as high-power 
output devices. This undesired increase in the junction 
temperature is suppressed in a prior art HBT structure so 
described by Burhan Bayraktaroglu et al in IEEE Elec- 
tron Device Letters. Vol. 14 (1996). pp. 493-495. Figure 
26 shows a cross-sectional view of the prior art HBT. In 
the figure, reference numeral 26 designates a GaAs sub- 
strata A plurality of HBT elements, i.e., unit elements, 25 
are arranged in an array on the surface of the GaAs sub- 
strate 26 and electrically connected in parallel with each 
other. Each HBT element includes an emitter electrode 
2 1 , a collector electrode 22, and a pair of base electrodes 
23. Metal wirings 50 are disposed on the surface of the 30 
GaAs substrate 26 at opposite sides of the array of the 
HBT elements. The emitter electrodes 21 of the HBT ele- 
ments are connected to an air-bridge wiring 24 whose 
opposite ends are connected to the metal wirings 50. and 
heats generated in the HBT elements are transferred 35 
through the air-bridge wiring 24 and the metal wirings 50 
to the GaAs substrate 26. Thereby, more quantity of heat 
than the quantity of heat dissipated through the substrate 
directly under the HBT elements is dissipated. 

However, in the prior art structure shown in figure 40 
26. because the heat spread regions through the air- 
bridge wiring 24 to the substrate 26 are present only on 
the both sides of the array of the HBT elements, this 
structure still has the following drawbacks. 

45 

(1) Since the length of the air-bridge wiring 24 from 
each HBT element to the heat spread region is long, 
the thermal resistance is not sufficiently reduced. 

(2) Since the length of the air-bridge wiring 24 from 
each HBT element to the heat spread region is not sc 
uniform the thermal resistance varies from element 

to element 

(3) Since the length of the air-bridge wiring 24 from 
each HBT element to the heat spread area is long, 
the emitter inductance is increased. si 

(4) The air-bridge wiring 24 must be thicker than 10 
nm to improve the heat conduction of the air-bridge 
wiring 24, but it is difficult to fabricate such a thick 
air-bridge wiring. 



(5) Since the thermal separation between the HBT 
elements is not sufficient, the temperature of the ele- 
ments in the center of the array unfavorably 
increases. 

As descnbed above, in the prior art HBT shown in 
figure 26. the heat dissipation property is improved to 
some extent by the air-bridge structure. However, 
because the air-bridge wiring is long, the improvement 
in the heat dissipation property is not sufficient In addi- 
tion, since the thermal resistance varies from element to 
element the junction temperature varies from element 
to element resulting in variations in the electrical char- 
acteristics of the HBT elements. Further, the large emit- 
ter inductance causes a reduction in gain when the 
device is used in a high frequency band. Furthermore, 
since the air-bridge wiring must be thick, the fabricating 
process is complicated. In addition, since the thermal 
separation between the HBT elements is insufficient, 
thermal interference occurs between the HBT elements, 
whereby the temperature of the elements in the center 
of the array unfavorably increases. 

SI 1MMARY OF THF INVENTION 

An object of the present invention is to provide a 
semiconductor device inducing a plurality of unit semi- 
conductor elements that provides tow and uniform ther- 
mal resistances of the semiconductor elements, 
sufficient thermal separation between the semiconduc- 
tor elements, and reduced inductance caused by an air- 
bridge wiring, and that is fabricated in relatively simple 
process. 

Other objects and advantages of the invention will 
become apparent from the detailed description that fol- 
lows. The detailed description and specific embodiments 
described are provided only for illustration since various 
additions and modifications within the scope of the inven- 
tion will be apparent to those of skill in the art from the 
detailed description. 

According to a first aspect of the present invention, 
a semiconductor device comprises a semiconductor 
substrate having opposite front and rear surfaces; a sem- 
iconductor element disposed on the front surface of the 
semiconductor substrate and including an electrode; a 
plated heat sink (hereinafter referred to as a PHS) com- 
prising a metal layer and disposed on the rear surface of 
the semiconductor substrate, the PHS dissipating heat 
produced in the semiconductor device; a via-hole com- 
prising a through-hole penetrating through the semicon- 
ductor substrate from the front surface to the rear surface 
and having an inner surface, and a metal disposed in the 
through-hole and contacting the PHS; and a first wiring 
comprising a metal f 3m and having first and second por- 
; tions. the first wiring contacting the electrode of the sem- 
iconductor element at the first portion and contacting the 
metal of the via-hole at the second portion. Therefore, 
heat produced in the semiconductor element is trans- 
ferred to the PHS not only through the semiconductor 
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substrate just under the element but aJso through thef irst 
wiring and the via-hole, whereby the heat dissipation 
property of the device is significantly improved. Further, 
the first wiring, the via-hole, and the PHS are made of 
metals having relatively low thermal resistances, and the 
semiconductor substrate having a relatively high thermal 
resistance is not interposed between them. So, the ther- 
mal resistance of the heat transfer path comprising the 
first wiring, the via-hole, and the PHS is low. As a result 
unwanted increase in the temperature of the element is 
suppressed, whereby degradation of electrical charac- 
teristics of the element is avoided. 

According to a second aspect of the present inven- 
tion, in the above-described semiconductor device, the 
first wiring is an air-bridge wiring. Therefore, in addition 
to improving the heat dissipation property, the parasitic 
capacitance of the wiring is reduced, whereby the high- 
frequency characteristics of the device is improved. 

According to a third aspect of the present invention, 
in the above-described semiconductor device, the sem- 
iconductor element is a bipolar transistor, and the elec- 
trode is an emitter electrode. Therefore, even in a high 
power density element, such as bipolar transistor, heat 
produced in the bipolar transistor is transferred through 
the emitter electrode to the air-bridge wiring, improving 
the heat dissipation property. As a result the junction 
temperature of the bipolar transistor is suppressed, 
whereby degradation of electrical characteristics of the 
bipolar transistor is avoided. 

According to a fourth aspect of the present invention, 
in the above-described semiconductor device, the sem- 
iconductor element is a bipolar transistor, and the elec- 
trode is a base electrode. Therefore, even in a high power 
density element, such as bipolar transistor, heat pro- 
duced in the bipolar transistor is transferred through the 
base electrode to the air-bridge wiring, improving the 
heat dissipation property. As a result, the junction tem- 
perature of the bipolar transistor is suppressed, whereby 
degradation of electrical characteristics of the bipolar 
transistor is avoided. 

According to a fifth aspect ol the present invention, 
in the above-described semiconductor device, since the 
base electrode of the bipolar transistor is grounded, the 
power gain in the high-frequency band is increased, 
whereby the output power and the power addition effi- 
ciency are increased. 

According to a sixth aspect of the present invention, 
in the above-described semiconductor device, the sec- 
ond portion of the air-bridge wiring is directly connected 
to the via-hole metal. In this structure, since nothing inter- 
poses between the air-bridge wiring and the via-hole 
metal, the heat resistance from the electrode of the ele- 
ment to the PHS is suppressed. As a result, unwanted 
increase in the temperature of the element is sup- 
pressed, whereby degradation of electrical characteris- 
tics of the element is avoided. 

According to a seventh aspect of the present inven- 
tion, in the above-described semiconductor device, a 
second wiring is disposed on the front surface of the 



semiconductor substrate in cbse vicinity to the via-hole, 
and the second portion of the air-bridge wiring and the 
via-hole metal are connected to the second wiring. 
Therefore, the air-bridge wiring and the via-hole metal 
5 can be produced in different process steps, and it is pos- 
sible to optimize materials and shapes thereof so that 
the best heat dissipation property, electrical characteris- 
tics, and reliability are realized. 

According to an eighth aspect of the present inven- 
10 tion, in the above-described semiconductor device, the 
via-hole metal is a metal film disposed on the inner sur- 
face of the through-hole. This via-hole metal film is pro- 
duced in relatively simple and stable process. In addition, 
it is possible to unite the via-hole metal film with the air- 
15 bridge wiring as descrfoed in the following. 

According to a ninth aspect of the present invention, 
in the above-described semiconductor device including 
the via-hole with a metal film on the inner surface, the 
via-hole metal film and the metal film of the air-bridge 

20 wiring comprise the same material and are formed as a 
continuous metal layer. Therefore, there is no junction 
between the via-hole metal and the air-bridge wiring, so 
that the reliability is improved as compared to a structure 
having such junction. In addition, since it is not neces- 

25 sary to secure a space for the junction, the via-hole is 
located in dose vicinity to the semiconductor element, 
so that the length of the air-bridge wiring connecting the 
electrode of the element to the via-hole is shortened. 
Consequently, the thermal resistance is reduced by the 

30 reduction in the air-bridge length, and the inductance of 
the air-bridge is reduced. As a result, unwanted increase 
in the temperature of the element is suppressed, 
whereby degradation in electrical characteristics of the 
element is avoided. 

35 According to a tenth aspect of the present invention, 
in the above-described semiconductor device, the via- 
hole metal is a metal filling the through-hole. Therefore, 
the thermal resistance of the via-hole is reduced as com- 
pared to the above-described via-hole with a metal film 

40 on the inner surface. Consequently, the thermal resist- 
ance from the electrode of the element to the PHS is 
reduced. As a result unwanted increase in the temper- 
ature of the element is suppressed, whereby degrada- 
tion in electrical characteristics of the element is avoided. 

45 According to an eleventh aspect of the present 
invention, in the above-described semiconductor device 
including the via-hole filled with metal, a via-hole upper 
electrode comprising a metal film is disposed on a region 
of the front surface of the semiconductor substrate 

so including an upper opening of the via-hole, and the tower 
surface of the via-hole upper electrode contacts the via- 
hole metal while the upper surface thereof contacts the 
second portion of the air-bridge wiring. Therefore, the 
adhesion between the via-hole upper electrode and the 

55 air-bridge wiring or the via-hole metal is improved by opti- 
mizing the material and the structure of the via-hole 
upper electrode. 

According to a twelfth aspect of the present inven- 
tion, in the above-described semiconductor device, a 
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plurality of semiconductor elements are arranged in an 
array on the front surface of the semiconductor sub- 
strate. In this structure, when the above-described via- 
hde is located in dose vicinity to each semiconductor 
element and the electrode of the serriconductor element i 
is connected to the via-hole with the above-described air- 
bridge wiring, the heat dissipation property of the semi- 
conductor element is signif icantly improved. As a result 
unwanted increase in the temperature of the element is 
suppressed, whereby degradation in electrical charac- 
teristics of the element is avoided. 

According to a thirteenth aspect of the present 
invention, in the above-described semiconductor device 
including the array of semiconductor elements, the via- 
hole is located at positions arbitrarily selected from posi- 
tions on both sides of the array of the semiconductor ele- 
ments and positions between the semiconductor 
elements. Therefore, the via-hole is located in dose 
vicinity to the semiconductor element In the prior art 
structure shown in figure 26, heat generated in each ele- 
ment is conducted through the long air-bridge wiring 
from the element to an end of the array of the elements. 
In the structure according to the invention, however, the 
heat conduding distance through the air-bridge wiring is 
as short as the distance from the element to the via-hole 
adjacent to the element. Therefore, the heat dissipation 
property of each semiconductor element is significantly 
improved compared to the prior art structure. As a result 
unwanted increase in the temperature of the element is 
suppressed, whereby degradation in electrical charac- 
teristics of the element is avoided. Further, since the heat 
conducting distance is short as described above, even 
when the thickness of the air-bridge wiring is reduced, 
the thermal resistance of the air-bridge wiring is suffi- 
ciently reduced. The reduction in the thickness fadl'rtates 
the fabrication of the air-bridge wiring. Further, the reduc- 
tion in the length of the air-bridge wiring from the elec- 
trode of the element to the via-hole results in a reduction 
in the inductance of the air-bridge wiring, whereby the 
high frequency charaderistics of the element are 
improved. When the via-hole is located at every position 
between the semicondudor elements, the heat dissipa- 
tion property is further improved and the thermal resist- 
ances of the semicondudor elements are made uniform, 
as compared to the case where the via-hole is located 
at arbitrarily seleded positions between the semicon- 
ductor elements. Further, since the via-hole is present 
between adjacent elements, the thermal separation 
between the elements is improved, whereby unwanted 
increase in the temperature of the elements in the middle 
of the array is suppressed. 

According to a fourteenth aspect of the present 
invention, in the above-described semiconductor device, 
the width of the via-hole in the direction perpendicular to 
the array direction of the semicondudor elements is 
larger than the width of the heat generating region of the 
semicondudor element. Therefore, a great part of heat 
diffusing from the semiconductor element adjacent to the 
via-hole toward the surface of the semiconductor sub- 



strate is absorbed by the via-hole, whereby the thermal 
separation between the semiconductor elements on 
both sides of the via-hole is improved. Consequently, 
unwanted increase in the temperature of the elements in 
the middle of the array is suppressed. 

According to a fifteenth aspect of the present inven- 
tion, in the above-described semiconductor device, heat 
dissipating metal films are disposed on the front surface 
of the serriconductor substrate in regions on the both 
io sides of the array of the semiconductor elements and 
between the senicondudor elements where the via- 
holes are absent, and the heat dissipating metal film con- 
tacts the second portion of the air-bridge wiring. There- 
fore, the heat dissipation property is improved as 
is compared to a case where no heat dissipating metal film 
is disposed in regions where the via-holes are absent. 
Consequently, unwanted increase in the temperature of 
the element is suppressed, whereby degradation of elec- 
trical characteristics of the element is avoided. 
20 According to a sixteenth asped of the invention, in 
the above-described semicondudor device, the via-hole 
is formed in a shape that surrounds the semicondudor 
element leaving a region of the substrate where the sub- 
strate under the semiconductor element is connected to 
25 the substrate outside the via-hole. Therefore, heat difkis- 
ing from the semiconductor element surrounded by the 
via-hole toward the surface of the semicondudor sub- 
strate is absorbed by the via-hole. so that the thermal 
separation between the elements on both sides of the 
30 via-hole is significantly improved. Consequently, 
unwanted increase in the temperature of the elements in 
the midcle of the array is suppressed. 

According to a seventeenth asped of the invention, 
a semiconductor device comprises a semiconductor 
35 substrate having opposite front and rear surfaces: a plu- 
rality of semiconductor elements disposed on the front 
surface of the semiconductor substrate in an array, each 
semiconductor element including an electrode; heat dis- 
sipating metal films disposed on the front surface of the 
40 semiconductor substrate at positions arbitrarily selected 
from positions on both sides of the array of the semicon- 
ductor elements and positions between the semiconduc- 
tor elements; and a wiring having first portions and 
second portions, contacting the electrodes of the serri- 
45 conductor elements at the first portions and contacting 
the heat dissipating metal films at the second portions. 
Therefore, the heat dissipation property is improved as 
compared to the prior art structure having heat dissipat- 
ing regions only on the both sides of the array of the sem- 
so .conductor elements. When the area of the heat 
dissipating metal film is increased, the heat dissipation 
property of the element is improved to an extent achieved 
by the via-hole. Thereby, unwanted increase in the tem- 
perature of the element is suppressed, whereby degra- 
55 dation of electrical characteristics of the element is 
avoided. Since this heat dissipating metal fflm can be 
located in dose vidnity to the semiconductor element, 
the length of the wiring connecting the electrode of the 
element to the metal film is shortened. The reduction in 
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the wiring length contributes to improvement in the heat 
dissipation property and reduction in the inductance of 
the wiring. 

According to an eighteenth aspect of the present 
invention, in the above-described semiconductor device, s 
the wiring is an air-bridge wiring, the parasitic resistance 
of the wiring is reduced, whereby the high-frequency 
characteristics of the device are improved. 

According to a nineteenth aspect of the present 
invention, in the above-described semiconductor device. 10 
the semiconductor elements are bipolar transistors, and 
the electrode of each bipolar transistor is an emitter elec- 
trode. Since the heat dissipating metal film is disposed 
in close vicinity to the bipolar transistor, the length of the 
wiring connecting the metal film and the emitter elec- is 
trode is shortened. Therefore, the heat dissipation prop- 
erty is improved, and the inductance of the wiring is 
reduced. 

According to a twentieth aspect of the present inven- 
tion, in the above-described semiconductor device, the so 
semiconductor elements are bipolar transistors, and the 
electrode of each bipolar transistor is a base electrode. 
Since the heat dissipating metal film is disposed in close 
vicinity to the bipolar transistor, the length of the wiring 
connecting the metal film and the base electrode is short- 25 
ened. Therefore, the heat dissipation property is 
improved, and the inductance of the wiring is reduced. 

According to a twenty-first aspect of the present 
invention, in the above-described semiconductor device, 
since the base electrode of the bipolar transistor is 30 
grounded, the power gain in high-frequency band is 
increased, whereby the output power and the power 
addition efficiency of the device are increased. 

According to a twenty-second aspect of the present 
invention, in the semiconductor device according to the 35 
first aspect, the semiconductor element is a bipolar tran- 
sistor including an emitter electrode having opposite first 
and second sides, a collector electrode disposed on the 
first side of and spaced apart from the emitter electrode, 
and a first base electrode disposed on the second side 40 
of and spaced apart from the emitter electrode. The elec- 
trode contacting the first wiring is the first base electrode. 
The first wiring and the via-hole metal is a continuous 
metal layer, and the via-hole is disposed on the second 
side of the emitter electrode and adjacent to the first base 45 
electrode. In this structure, since heat generated in the 
bipolar transistor is transferred to the PHS not only 
through the substrate just under the bipolar transistor but 
also through the wiring and the via-hole, the heat dissi- 
pation property is significantly improved. Further, since so 
the wiring, the via-hole, and the PHS comprise metals of 
low thermal resistivity, and the semiconductor substrate 
having relatively high thermal resistivity is not interposed 
between them, the thermal resistance is reduced. There- 
fore, unwanted increase in the temperature of the device ss 
is suppressed, whereby degradation of electrical char- 
acteristics of the device is avoided and the output power 
and the power addition efficiency of the device are 
improved. 



According to a twenty-third aspect of the present 
invention, the above-described semiconductor device 
further includes a second base electrode disposed in a 
region between the emitter electrode and the collector 
electrode and electrically connected to the first base 
electrode. Therefore, the base resistance is reduced, 
whereby the high-frequency characteristics of the device 
is further improved. 

According to a twenty-fourth aspect of the present 
invention, a method of fabricating a semiconductor 
device comprises preparing a semiconductor substrate 
having opposite front and rear surfaces; producing a 
semiconductor element including an electrode on the 
front surface of the semiconductor substrate; forming a 
hole having a prescribed depth and an inner surface in 
a region of the semiconductor substrate in close vicinity 
to the semiconductor element; producing a metal layer 
on the inner surface of the hole; producing an air-bridge 
wiring having first and second portions, contacting the 
electrode of the semiconductor element at the first por- 
tion and contacting the metal layer in the hole at the sec- 
ond portion; grinding and polishing the semiconductor 
substrate at the rear surface until the metal layer in the 
hole is exposed, thereby producing a via-hole; and pro- 
ducing a plated heat sink for heat dissipation on the rear 
surface of the semiconductor substrate, contacting the 
metal layer of the via-hole. Therefore, heat produced in 
the semiconductor element is transferred to the PHS not 
only through the semiconductor substrate just under the 
element but also through the air-bridge wiring and the 
via-hole, whereby the heat dissipation property of the 
device is significantly improved. Further, the air-bridge 
wiring, the via-hole, and the PHS are made of metals 
having relatively low thermal resistances, and the semi- 
conductor substrate having a relatively high thermal 
resistance is not interposed between them. So, the ther- 
mal resistance of the heat transfer path comprising the 
air-bridge wiring, the via-hole, and the PHS is low. Since 
the via-hole is located in dose vicinity to the semicon- 
ductor element, the distance from the electrode of the 
element to the via-hole is short, so that the length of the 
air-bridge wiring connecting the electrode to the via-hole 
is short, resulting in a reduction in the thermal resistance. 
Consequently, unwanted increase in the temperature of 
the element is suppressed, whereby degradation in elec- 
trical characteristics of the element is avoided. Further, 
the reduction in the air-bridge length results in a reduc- 
tion in the inductance of the air-bridge wiring. Further- 
more, since the air-bridge wiring is short, the thickness 
of the air-bridge wiring can be reduced, whereby the fab- 
rication of the air-bridge wiring is facilitated. 

According to a twenty-fifth aspect of the present 
invention, in the above-described method of fabricating 
a semiconductor device, the via-hole metal layer and the 
air-bridge wiring are produced simultaneously in the 
same process step using the same material. That is. the 
via-hole metal layer and the air-bridge wiring are formed 
as a continuous layer, and there is no junction between 
the via-hde metal layer and the air-bridge wiring. There- 
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fore, the reliabiity is improved as compared to a structure 
having such junction. In addition, since it is not neces- 
sary to secure a soace tor the junction, the via-hole can 
be located in close vicinity to the semiconductor element 
so that the length of the air-bridge wiring connecting the 5 
element to the via-hole is shortened. Consequently, the 
thermal resistance is reduced by the reduction in the air- 
bridge length, and the inductance of the air-bridge wiring 
is reduced. Furthermore, since the air-bridge wiring and 
the via-hole metal layer are formed simultaneously in the 10 
same process step, the process is facilitated. 

According to a twenty-sixth aspect of the present 
invention, in the above-described method of fabricating 
a semiconductor device, after the formation of the sem- 
iconductor element and before the formation of the via- is 
hole metal layer and the air-bridge wiring, a wiring metal 
film is deposited on a region of the surface of the semi- 
conductor substrate adjacent to the region where the via- 
hole is later produced. The via-hole metal layer is formed 
contacting the wiring metal f ilm, and the air-bridge wiring 20 
is formed contacting the wiring metal film at the second 
portion. In this method, since the via-hole metal layer and 
the air-bridge wiring are formed in different process 
steps, it is possible to optimize materials and shapes 
thereof so that the best heat dissipation property, elec- 25 
trical characteristics, and reliability are realized. In addi- 
tion, process steps for stably producing the via-hole 
metal layer and the air-bridge wiring, respectively, can 
be enployed. the reliability of the device and the produc- 
tion yield are improved. Furthermore, since the wiring 30 
metal f 3m is located in close vicinity to the semiconductor 
element, the length of the air-bridge wiring connecting 
the electrode of the element to the wiring is shortened. 
Therefore, as already described above, the thickness of 
the air-bridge wiring can be reduced, and the electroplat- 35 
ing of the air-bridge wiring is facilitated. 

According to a twenty-seventh aspect of the present 
invention, a method of fabricating a semiconductor 
device including preparing a semiconductor substrate 
having opposite front and rear surfaces; producing a 40 
semiconductor element including an electrode on the 
front surface of the semiconductor substrate; depositing 
a metal film on the front surface of the semiconductor 
substrate including a region where a via-hole is later pro- 
duced, thereby producing a via-hole upper electrode; 45 
producing an air-bridge wiring having first and second 
portions, contacting the electrode of the semiconductor 
element at the first portion and contacting the via-hole 
upper electrode at the second portion; grinding and pol- 
ishing the semiconductor substrate at the rear surface; so 
forming a hole penetrating through the semiconductor 
substrate by etching away a portion of the semiconductor 
substrate from the rear surface until the via-hole upper 
electrode is exposed; and plating a metal to the rear sur- 
face of the substrate including the inner surface of the ss 
through-hole, thereby producing a via-hole completely 
filled with the plated metal, and a plated heat sink com- 
prising the plated metal. Therefore, the thermal resist- 
ance of the via-hole is reduced as compared to the 



above-described structure where the via-hole metal is a 
metal film, whereby the thermal resistance from the elec- 
trode of the element to the PHS is reduced. In addition, 
the adhesion between the via-hole upper electrode and 
the air-bridge wiring or the via-hole metal is improved by 
optimizing the material and the structure of the via-hole 
upper electrode. Further, since the via-hole metal and 
the PHS are formed simultaneously in the same process 
step, the process is facilitated. Likewise, since the via- 
hole metal is united with the PHS, there is no junction 
between them, so that the reliability is improved com- 
pared to a structure having such junction. Furthermore, 
because the connection between the via-hole upper 
electrode and the air-bridge wiring is carried out in a 
region on the via-hole. it is not necessary to secure a 
space lor the connection. Therefore, the via-hole is 
formed in close vicinity to the semiconductor element, so 
that the length of the air-bridge wiring connecting the 
electrode of the element to the via-hole is shortened. As 
a result, the heat dissipation property is improved, the 
inductance of the air-bridge wiring is reduced, and the 
thickness of the air-bridge wiring is reckiced. 

According to a twenty-eighth aspect of the present 
invention, in the above-described method of fabricating 
a semiconductor device, before the formation of the air- 
bridge wiring, a metal f ilm is deposited on a region of the 
front surface of the semjconductor substrate to produce 
a heat dissipating metal film and. thereafter, the air- 
bridge wiring is produced contacting the electrode of the 
semiconductor element at the first portion and contacting 
the heat disspafing metal film at the second portion. 
Therefore, when this heat dissipating metal f ilm is formed 
in a region where the via-hole is absent, heat produced 
in the semiconductor element is dissipated through this 
metal film, whereby the heat dissipation property is 
improved. In addition, since the connection between the 
heat dissipating metal film and the air-bridge wiring is 
carried out on the heat dissipating metal film, it is not 
necessary to secure a space for the connection only. 
Therefore, the heat dissipating metal film is formed in 
dose vicinity to the element, so that the length of the air- 
bridge wiring is shortened. As already described above, 
the reduction in the air-bridge length results in a reduc- 
tion in the thermal resistance and a reduction in the 
inductance of the air-bridge wiring. Furthermore, since 
the air-bridge wiring is short, the thickness of the air- 
bridge wiring can be reduced, whereby the electroplating 
of the air-bridge wiring is facilitated. 

According to a twenty-ninth aspect of the present 
invention, a method of fabricating a semiconductor 
device including preparing a semiconductor substrate 
having a surface; fabricating a plurality of semiconductor 
elements on the surface of the semiconductor substrate 
in an array, each element having an electrode; forming 
a plurality of heat dissipating metal films on the surface 
of the semiconductor substrate at positions adjacent to 
arbitrarily selected ones of the semiconductor elements; 
and forming an air-bridge wiring having first portions and 
second portions so that the first portions contact the 
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electrodes of the semiconductor elements and the sec- 
ond portions contact the heat dissipating metal films. 
Therefore, the heat dissipation property is improved as 
compared to the prior art structure shown in figure 26 
having the heat dissipating regions only on the both sides 5 
of the array of the elements. Further, since the connec- 
tion between the heat dissipating metal film and the air- 
bridge wiring is carried out on the heat dissipating metal 
film, it is not necessary to secure a space for the con- 
nection only. Therefore, the heat dissipating metal f Bm is 10 
formed in close vicinity to the element, so that the length 
of the air-bridge wiring is shortened. As already 
described above, the reduction in the air-bridge length 
results in a reduction in the thermal resistance and a 
reduction in the inductance of the air-bridge wiring. Fur- 15 
thermore, since the air-bridge wiring is short, the thick- 
ness of the air-bridge wiring can be reduced, whereby 
the electroplating of the air-bridge wiring is facilitated. 

According to a thirtieth aspect of the present inven- 
tion, a method of fabricating a semiconductor device so 
comprising preparing a semiconductor substrate having 
opposite front and rear surfaces; producing a bipolar 
transistor on the front surface of the semiconductor sub- 
strate, the bipolar transistor including an emitter elec- 
trode having opposite first and second sides, a collector 25 
electrode disposed on the first side of and spaced apart 
from the emitter electrode, and a first base electrode dis- 
posed on the second side of and spaced apart from the 
emitter electrode; forming a hole having a preserved 
depth in a region of the semiconductor substrate on the 30 
side of the base electrode opposite from the emitter elec- 
trode and in close vicinity to the base electrode; produc- 
ing a metal layer on the inner surface of the hole and on - - 
a region of the substrate between the first base electrode 
of the bipolar transistor and the hole, contacting the first 35 
base electrode; grinding and polishing the semiconduc- 
tor substrate at the rear surface until the metal layer in 
the hole is exposed, thereby producing a via-hole; and 
producing a plated heat sink tor heat dissipation on the 
rear surface of the semiconductor substrate, contacting 40 
the metal layer of the via-hole. Therefore, heat produced 
in the bipolar transistor is transferred to the PHS not only 
through the semiconductor substrate just under the tran- 
sistor but also through the air-bridge wiring and the via- 
hole, whereby the heat dissipation property of the tran- 45 
sistor is significantly improved. Further, the via-hole and 
the PHS are made of metals having relatively low thermal 
resistances, and the semiconductor substrate having a 
relatively high thermal resistance is not interposed 
between them. So, the thermal resistance of the heat so 
transfer path comprising the via-hole and the PHS is low. 
Since the via-hole is located in dose vicinity to the bipolar 
transistor, the distance from the base electrode of the 
transistor to the via-hole is short resulting in a reduction 
in the thermal resistance. Consequently, unwanted 55 
increase in the temperature of the transistor is sup- 
pressed, whereby degradation in electrical characteris- 
tics of the device is avoided. Further, since the distance 
between the base electrode and the via-hole is short, the 



inductance of the metal layer connecting them is 
reduced. Since the metal layer is famed simultaneously 
with the via-hole metal and, furthermore, it is directly 
deposited on the substrate, i.e., it is not an air-bridge, the 
fabricating process is simplified. 

According to a thirty-first aspect of the present inven- 
tion, in the above-described fabricating method of the 
bipolar transistor, the bipolar transistor further includes 
a second base electrode formed in a region between the 
emitter electrode and the collector electrode and electri- 
cally connected to the first base electrode. Therefore, the 
base resistance is reduced, whereby the high-frequency 
characteristics of the transistor are further improved. 

According to a thirty-second aspect of the present 
invention, a semiconductor device including a semicon- 
ductor substrate having opposite front and rear surfaces; 
an electric resistance structure comprising an electric 
resistor disposed on the front surface of the substrate 
and having opposite first and second ends, a first con- 
ductive wiring contacting the first end of the electric 
resistance at a part, and a second conductive wiring con- 
tacting the second end of the electric resistance at a part; 
and a heat conducting structure disposed in close vicinity 
to the electric resistance structure and comprising the 
first wiring, the second wiring, and an inter-wiring insu- 
lating film disposed between the first wiring and the sec- 
ond wiring and electrically insulating the first wiring and 
the second wiring from each other. In the heat conduct- 
ing structure, the thermal resistance of the heat conduct- 
ing path through the inter-wiring insulating film between 
the first wiring and the second wiring is lower than the 
thermal resistance of the heat conducting path through 
the electric resistor between parts of the first and second 
wirings contacting the electric resistor. In this structure, 
between the first wiring and the second wiring, heat flows 
through the heat conducting structure and current flows 
through the electric resistance structure. When the thick- 
ness of the inter-wiring insulating film is reduced within 
a range in which the electrical insulation between the f irst 
wiring and the second wiring is not degraded while main- 
taining a sufficient area of a region where the first wiring 
and the second wiring overlap each other with the inter- 
wiring insulating film between them, the thermal resist- 
ance of the heat conducting structure is sufficiently lower 
than the thermal resistance of the electric resistance 
structure. Therefore, even when the electric resistor is 
connected between the first wiring and the second wiring 
in series, increase in the thermal resistance due to the 
electric resistor is suppressed. That is, a semiconductor 
device with appropriate electric resistance and favorable 
heat conducting property is realized. 

According to a thirty-third aspect of the present 
invention, in the above-described semiconductor device, 
an insulating film is disposed on the electric resistance 
structure, and the heat conducting structure is disposed 
on the insulating film. Therefore, even when the electric 
resistor is inserted between the first wiring and the sec- 
ond wiring, increase in the thermal resistance due to the 
resistor is suppressed. In addition, since the heat con- 
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ducting structure is located on the electric resistance 
structure, the area of the semiconductor device on the 
semiconductor substrate is reduced. 

According to a thirty-fourth aspect of the present 
invention, in the above-descrtoed serrtconductor device, 
the first wiring and the second wiring have high adhesion 
to the electric resistor, and the first wiring and the second 
wiring are connected to the electric resistor through a 
first contact electrode and a second contact electrode 
both comprising a material that makes an ohmic contact 
with the electric resistor, respectively. In this structure, 
the thermal resistance of the heat conducting path 
through the inter-wiring insulating film between the first 
and second wirings is lower than the thermal resistance 
of til e heat conducting path through first contact elec- 
trode, the electric resistor, and the second contact elec- 
trode between parts of the first and second wirings 
contacting the first and second contact electrodes, 
respectively. Therefore, even when the electric resistor 
is inserted between the first wiring and the second wiring, 
increase in the thermal resistance due to the resistor is 
suppressed. In addition, the contact resistance between 
the wiring and the electric resistor is reduced, and the 
reBability of the electrical contact between them is 
improved. 

According to a thirty-fifth aspect of the present inven- 
tion, in the above-described semiconductor device, the 
electric resistor is a thin metal film disposed on the front 
surface of the semiconductor substrate. Therefore, even 
when the electric resistor is inserted between the first 
wiring and the second wiring, increase in the thermal 
resistance due to the resistor is suppressed. In addition, 
the electric resistance of the electric resistance structure 
can be accurately controlled. 

According to a thirty-sixth aspect of the present 
invention, in the above-described semiconductor device, 
an insulating film is interposed between the electric 
resistor comprising a thin metal fflm and the front surface 
of the semiconductor substrate. Therefore, even when 
the electric resistor is inserted between the first wiring 
and the second wiring, increase in the thermal resistance 
due to the resistor is suppressed. In addition, the electric 
resistance of the electric resistance structure is accu- 
rately controlled. Further, since the electric resistor is 
insulated from the semiconductor substrate by the insu- 
lating film, unwanted interaction between the electric 
resistor and other elements on the semiconductor sub- 
strate through the semiconductor substrate is avoided, 
resulting in a semiconductor device operating with high 
stability. 

According to a thirty-seventh aspect of the present 
invention, in the above-described semiconductor device, 
the electric resistor is a conductive semiconductor region 
produced within the semiconductor substrate by adding 
a dopant impurity of a conductivity type to the substrate 
from the front surface. Therefore, even when the electric 
resistor is inserted between the first wiring and the sec- 
ond wiring, increase in the thermal resistance due to the 
resistor is suppressed. In addition, the electric resistance 



of the electric resistance structure is easily controlled in 
a wide range by controlling the dopant concentration of 
the semiconductor region serving as the electric resistor. 

According to a thirty-eighth aspect of the present 

s invention, in the afoove-descrfeed semiconductor device, 
the electric resistor is a conductive semiconductor layer 
produced by growing a semiconductor containing a 
dopant impurity of a conductivity type on the front surface 
of the semiconductor substrate. Therefore, even when 

w the electric resistor is inserted between the first wiring 
and the second wiring, increase in the thermal resistance 
due to the resistor is suppressed. In addition, the electric 
resistance of the electric resistance structure is easily 
controlled in a wide range by controlling the dopant con- 

15 centration of the semiconductor layer serving as the 
electric resistor. 

According to a thirty-ninth aspect of the present 
invention, in the above-described semiconductor device, 
the semiconductor substrate comprises a semi-insulat- 

20 ing semiconductor. Therefore, the electrical separation 
between the electric resistor and other elements on the 
substrate is facilitated. 

According to a fortieth aspect of the present inven- 
tion, the above-descrfoed semiconductor device further 

25 includes a semiconductor element is disposed on the 
front surface of the semiconductor substrate and having 
an electrode: a plated heat sink for dissipating heat gen- 
erated in the semiconductor element, the plated heat 
sink comprising a metal layer disposed on the rear sur- 

30 face of the semiconductor substrate; and a via-hole com- 
prising a hole penetrating through the serniconductor 
substrate from the front surface to the rear surface and 
having an inner surface and a metal layer disposed on 
the inner surface of the through-hole, the metal layer con- 

35 tacting a part of the second wiring other than the part 
contacting the electric resistor and contacting the plated 
heat sink, wherein the first wiring is an air-bridge wiring 
contacting the electrode of the semiconductor element 
at a part other than the part contacting the electric resis- 

40 tor. Therefore, even when the electric resistor is inserted 
between the frst wiring and the second wiring, increase 
in the thermal resistance due to the resistor is sup- 
pressed. As a result appropriate electric resistance and 
favorable heat dissipation property are realized between 

45 the electrode of the semiconductor element and the 
PHS. 

According to a forty-first aspect of the present inven- 
tion, in the above-described semiconductor device, a 
plurality of semiconductor elements are arranged in an 

so array on the front surface of the semiconductor sub- 
strate, and a plurality of via- holes are located at positions 
arbitrarily selected from positions on both sides of the 
array of the semiconductor elements and positions 
between the semiconductor elements. Therefore, even 

55 when the electric resistor is inserted between the first 
wiring and the second wiring, increase in the thermal 
resistance due to the resistor is suppressed. As a result, 
between the electrode of the semiconductor element and 
the PHS that is usually at ground voltage, appropriate 



8 



15 

electric resistance and favorable heat dissipation prop- 
erty are realized. Further, since the via-hole is located in 
close vicinity to each of the semiconductor elements, the 
distance between the electrode of the semiconductor 
element to the via-hole is reduced, whereby the heat dis- 
sipation property between them is improved. 

According to a forty-second aspect of the present 
invention, in the above-described semiconductor device, 
the semiconductor element is a bipolar transistor, and 
the electrode is an emitter electrode. Therefore, even 
when the electric resistor is inserted between the first 
wiring and the second wiring, increase in the thermal 
resistance due to the resistor is suppressed. As a result, 
between the emitter electrode of the bipolar transistor 
element and the PHS that is usually at ground voltage, 
appropriate electric resistance and favorable heat dissi- 
pation property are realized. When emitter electrodes of 
plural bipolar transistors are connected to the PHS, 
unwanted concentration of current to particular bipolar 
transistor having emitter-base resistance lower than that 
of other bipolar transistors is prevented by using the elec- 
tric resistor as a ballast resistor. 

According to a forty-third aspect of the present 
invention, the above-described semiconductor device, 
the semiconductor element is a bipolar transistor, and 
the electrode is a base electrode. Therefore, even when 
the electric resistor is inserted between the first wiring 
and the second wiring, increase in the thermal resistance 
due to the resistor is suppressed. As a result, between 
the base electrode of the bipolar transistor and the PHS 
that is usually at ground voltage, appropriate electric 
resistance and favorable heat dissipation property are 
realized. When base electrodes of plural bipolar transis- 
tors are connected to the PHS, unwanted concentration 
of current to particular transistor having emitter-base 
resistance lower than that of other transistors is pre- 
vented by using the electric resistor as a ballast resistor. 

According to a forty-fourth aspect of the present 
invention, a method of fabricating a semiconductor 
device comprising preparing a semiconductor substrate 
having opposite front and rear surfaces; producing an 
electric resistor having opposite first and second ends 
on the front surface of the semiconductor substrate; pro- 
ducing a resistor covering insulating film on the electric 
resistor so that the opposite ends of the electric resistor 
are exposed; producing a first contact electrode and a 
second contact electrode both comprising a material that 
has a good adhesion to the electric resistor and makes 
an ohmic contact with the electric resistor, the first and 
second contact electrodes being separated from each 
other, and the first contact electrode contacting the first 
end of the electric resistor while the second contact elec- 
trode contacting the second end of the electric resistor; 
producing a first wiring comprising a conductive material, 
contacting the first contact electrode at a part: producing 
an inter-wiring insulating film on a prescribed region of 
the first wiring where a second wiring is later produced, 
the region including a heat conducting region in which 
heat is conducted through the inter-wiring insulating film 
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between the first and second wirings; and producing a 
second wiring comprising a conductive material on a 
region of the semiconductor substrate including the heat 
conducting region so that it does not contact the first wir- 

5 ing but contacts the second contact electrode at a part, 
thereby producing an electric resistance structure com- 
prising the first wiring, the first contact electrode, the 
electric resistor, the second contact electrode, and the 
second wiring, and a heat conducting structure compris- 

10 ing the first wiring, the interwiring insulating film, and the 
second wiring wherein thermal resistance of a first heat 
conducting path through the inter-wiring insulating film 
between the first and second wirings is lower than ther- 
mal resistance of a second heat conducting path through 

15 the first contact electrode, the electric resistor, and the 
second contact electrode between the parts of the first 
and second wirings respectively connected to the first 
and second contact electrodes. Therefore, in a semicon- 
ductor device fabricated by the above-described 

20 method, between the first wiring and the second wiring, 
heat flows through the heat conducting structure and cur- 
rent flows through the electric resistance structure. 
When the thickness of the inter-wiring insulating film is 
reduced within a range in which the electrical insulation 

25 between the first wiring and the second wiring is not 
degraded while maintaining a sufficient area of a region 
where the first wiring and the second wiring overlap each 
other with the inter-wiring insulating film between them, 
the thermal resistance of the heat conducting structure 

30 is sufficiently lower than the thermal resistance of the 
electric resistance structure. Therefore, even when the 
electric resistor is connected between the first wiring and 
the second wiring in series, increase in the thermal 
resistance due to the electric resistor is suppressed. 

35 That is, a semiconductor device with appropriate electric 
resistance and favorable heat conducting property is 
realized. Furthermore, since the heat conducting struc- 
ture is located on electric resistance structure, the area 
of the semiconductor device on the semiconductor sub- 

40 strate is reduced. Furthermore, the first contact elec- 
trode and the second contact electrode are disposed 
between the first wiring and the electric resistor and 
between the electric resistor and the second wiring, 
respectively, contact resistances between the respective 

45 wirings and the electric resistor are reduced, and the reli- 
ability of electrical connection between the wirings and 
the electric resistor is improved. 

According to a forty-fifth aspect of the present inven- 
tion, in the above-described method of fabricating a sem- 

so iconductor device, the electric resistor is produced by 
depositing a thin metal film on a prescribed part of the 
front surface of the semiconductor substrate. Therefore, 
even when the electric resistor is inserted between the 
first wiring and the second wiring, increase in the thermal 

55 resistance due to the resistor is suppressed. In addition, 
the electric resistance of the electric resistance structure 
can be precisely controlled. 

According to a forty-sixth aspect of the present 
invention, in the method of fabricating a semiconductor 
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device, before the deposition of the thin metal f Dm serv- 
ing as the electric resistor, a substrate protecting insu- 
lating film is formed on a preserved part of the front 
surface of the semiconductor substrate and, thereafter, 
the thin metal film is deposited on a prescribed part of 
the substrate protecting insulating film. Therefore, even 
when the electric resistor is inserted between the first 
wiring and the second wiring, increase in the thermal 
resistance due to the resistor is suppressed. In addition, 
the electric resistance of the electric resistance structure 
can be accurately controlled. Further, since the electric 
resistor is insulated from the semiconductor substrate by 
the insulating film, unwanted interaction between the 
electric resistor and other elements on the semiconduc- 
tor substrate through the semiconductor substrate is 
avoided, resulting in a semiconductor device operating 
with high stability. 

According to a forty-seventh aspect of the present 
invention, in the above-described method of fabricating 
a semiconductor device, before formation of the electric 
resistor, a semiconductor element having an electrode 
is fabricated on the front surface of the semiconductor 
substrate, and the first wiring is produced contacting the 
electrode of the semiconductor element at a first portion 
and contacting the first contact electrode at a second 
portion other than the first portion, thereby producing an 
air-bridge wiring comprising a conductive material. After 
formation of the inter-wiring insulating film and before for- 
mation of the second wiring, a hole having a prescribed 
depth and an inner surface is formed in a region of the 
semiconductor substrate where a via-hole is later pro- 
duced, and the second wiring is produced by depositing 
a metal film on a preserved region including the heat 
conducting region on the inter-wiring insulating film and 
the inner surface of the hole, contacting the second con- 
tact electrode at a part, without contacting the first wiring. 
After formation of the second wiring, the semiconductor 
substrate is ground and polished at the rear surface until 
a portion of the second wiring at the bottom of the hole 
is exposed, thereby producing a via-hole. Finally, a 
plated heat sink comprising a metal layer and dissipating 
heat generated in the semiconductor element is pro- 
duced on the rear surface of the semiconductor sub- 
strate, contacting a portion of the second wiring in the 
via-hole. Therefore, even when the electric resistor is 
inserted between the first wiring and the second wiring, 
increase in the thermal resistance due to the resistor is 
suppressed. As a result, appropriate electric resistance 
and favorable heat dissipation property are realized 
between the electrode of the semiconductor element and 
the PHS. Further, since the electric resistor comprises a 
thin metal film, the electric resistance of this resistor can 
be precisely controlled. 

According to a forty-eighth aspect of the present 
invention, in the above-described method of fabricating 
a semiconductor device, the electric resistor is fabricated 
by forming a conductive semiconductor region in a pre- 
scribed region of the semiconductor substrate by adding 
a dopant impurity of a conductivity type to the substrate 



from the front surface. Therefore, even when the electric 
resistor is inserted between the f irst wiring and the sec- 
ond wiring, increase in the thermal resistance due to the 
resistor is suppressed, fen addition, the electric resistance 
5 of the electric resistance structure is easily controlled in 
a wide range by controlling the dopant concentration of 
the conductive semiconductor region serving as the 
electric resistor. 

According to a forty-ninth aspect of the present 
10 invention, the above-described method of fabricating a 
semiconductor device further includes fabricating a sem- 
iconductor element including an electrode on the front 
surface of the semiconductor substrate, and the electric 
resistor, i.e., the conductive semiconductor region within 
is the substrate, is produced during the fabrication of the 
semiconductor element The first wiring is produced con- 
tacting the electrode of the semiconductor element at a 
first portion and contacting the first contact electrode at 
a second portion other than the first portion, thereby pro- 
20 during an air-bridge wiring comprising a conductive 
material. After formation of the inter -wiring insulating film 
and before formation of the second wiring, a hole having 
a prescribed depth and an inner surface is formed in a 
region of the semiconductor substrate where a via-hole 
25 is later produced, and the second wiring is produced by 
depositing a metal film on a prescribed region including 
the heat conducting region on the inter-wiring insulating 
fim and the inner surface of the hole, contacting the sec- 
ond contact electrode at a part, without contacting the 
30 first wiring. After formation of the second wring, the sem- 
iconductor substrate is ground and polished at the rear 
surface until a portion of the second wiring at the bottom 
- ^of the hole is exposed, thereby producing a via-hole. 
Rnaly, a plated heat sink comprising a metal layer and 
35 dissipating heat generated in the semiconductor element 
is produced on the rear surface of the semiconductor 
substrate, contacting a portion of the second wiring in 
the via-hole. Therefore, even when the electric resistor 
is inserted between the first wiring and the second wiring, 
40 increase in the thermal resistance due to the resistor is 
suppressed. As a result, appropriate electric resistance 
and favorable heat dissipation property are realized 
between the electrode of the semiconductor element and 
the PHS. Further, the electric resistance of the electric 
45 resistance structure is easily controlled in a wide range 
by controlling the dopant concentration of the conductive 
semiconductor region serving as the electric resistor. 
Furthermore, the fabrication of the electric resistor by 
adding the dopant impurity into the front surface of the 
so semiconductor substrate is carried out during the fabri- 
cation of the semiconductor element, the fabricating 
process is simplified compared to the above-described 
method in which the electric resistor is fabricated by 
depositing a thin metal film. 
55 According to a fiftieth aspect of the present inven- 
tion, in the above-descrfoed method of fabricating a sem- 
iconductor device, the electric resistor is fabricated by 
growing a semiconductor containing a dopant impurity 
of a conductivity type on the front surface of the semi- 
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conductor substrate. Therefore, even when the electric 
resistor is inserted between the first wiring and the sec- 
ond wiring, increase in the thermal resistance due to the 
resistor is suppressed. In addition, the electric resistance 
of the electric resistance structure is easily controlled in 
a wide range by controlling the dopant concentration of 
the semiconductor layer serving as the electric resistor 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view illustrating an HBT in accord- 
ance with a first embodiment of the present invention. 

Figure 2 is a cross-sectional view of the HBT shown 
in figure 1 . 

Figure 3 is a cross-sectional view illustrating an HBT 
element included in the HBT according to the first 
embodiment of the present invention. 

Figures 4(a)-4(e) are cross-sectional views illustrat- 
ing process steps in a method of fabricating the HBT 
shown in figure 2. 

Figure 5 is a cross-sectional view illustrating an HBT 
in accordance with a second embodiment of the present 
invention. 

Figures 6(a)-6(c) are cross-sectional views illustrat- 
ing process steps in a method of fabricating the HBT 
shown in figure 5. 

Figure 7 is a cross-sectional view illustrating an HBT 
in accordance with a third embodiment of the present 
invention. 

Figures 8(a) and 8(b) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
shown in figure 7. 

Figure 9 is a plan view illustrating an HBT in accord- 
ance with a fourth embodiment of the present invention. 

Figure 1 0 is a plan view illustrating an HBT in accord- 
ance with a fifth embodiment of the present invention. 

Figures 11(a) and 11(b) are plan views illustrating 
an HBT in accordance with a sixth embodiment of the 
present invention. 

Figure 12 is a cross-sectional view illustrating an 
HBT in accordance with a seventh embodiment of the 
present invention. 

Figures 13(a)- 13(e) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
shown in figure 12. 

Figures 1 4(a) and 1 4(b) are a plan view and a cross- 
sectional view, respectively, illustrating an HBT in 
accordance with an eighth embodiment of the present 
invention. 

Figures 1 5(a)- 1 5(e) are a plan view and a cross-sec- 
tional view, respectively, illustrating an HBT in accord- 
ance with a ninth embodiment of the present invention. 

Figures 1 6(a)- 1 6(b) are a plan view and a cross-sec- 
tional view, respectively, illustrating an HBT in accord- 
ance with a tenth embodiment of the present invention. 

Figures 1 7(a)-1 7(b) are a plan view and a cross-sec- 
tional view, respectively, illustrating an HBT in accord- 
ance with an eleventh embodiment of the present 
invention. 



Figures 18{a)-18(b) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
according to the eleventh embodiment of the invention. 

Figures 1 9(a)- 1 9(b) are a plan view and a cross-sec - 
s tional view, respectively, illustrating an HBT in accord- 
ance with a modification of the eleventh embodiment of 
the invention. 

Figures 20(a)-20(b) are cross-sectional views illus- 
trating a semiconductor device in accordance with a 
io twelfth embodiment of the present invention. 

Figures 2l(a)-21(e) are cross-sectional views illus- 
trating process steps in a method of fabricating the sem- 
iconductor device shown in figures 20(a)-20(b). 

Figures 22(a) and 22(b) are cross-sectional views 
15 illustrating a semiconductor device in accordance with a 
thirteenth embodiment of the present invention. 

Figures 23(a) and 23(b) are cross-sectional views 
illustrating process steps in a method of fabricating the 
semiconductor device shown in f igures 22(a) -22(b). 
20 Figure 24 is a cross-sectional view illustrating a sem- 
iconductor device in accordance with a fourteenth 
embodiment of the present invention. 

Figures 25(a)-25(c) are cross-sectional views illus- 
trating process steps in a method of fabricating the sem- 
25 iconductor device shown in figure 24. 

Figure 26 is a cross-sectional view illustrating an 
HBT according to the prior art. 

Figures 27(a)-27(b) are a plan view and a cross-sec- 
tional view, respectively, illustrating a base-grounded 
30 HBT according to the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 [Embodiment 1] 

Figure 1 is a plan view illustrating an HBT in accord- 
ance with a first embodiment of the present invention. In 
figure 1, a plurality of HBT elements, i.e., unit elements, 

40 and a plurality of via-holes 25 are alternatingly arranged 
in an array. Each HBT element includes an emitter elec- 
trode comprising AuGe(50nm)/Ni(50nm)/Au(300nrn), a 
base electrode 22 comprising 

Ti(50nm)/Mo(50nm)/Au(350nm). and collector elec- 

45 trpdes 23 comprising 

AuGe(50nm)/Ni(50nm)/Au(300nm). Reference numeral 
24 designates an air-bridge wiring comprising 
Ti(50nm)/Au(2ftm). Reference numeral 40 designates a 
contact hole. Figure 2 is a cross-sectional view of the 

so HBT array shown in figure 1 at the center of the structure 
in the array direction. In figure 2, the same reference 
numerals as in figure 1 designate the same parts. Ref- 
erence numeral 26 designates a GaAs substrate. Refer- 
ence numeral 27 designates a plated heat sink 

55 (hereinafter referred to as a PHS) comprising Au and 
having a thickness of 40 \im. Reference numeral 35 des- 
ignates an insulating film, such as SiON. Reference 
numeral 24a designates a metal layer disposed on the 
inner surface of the via-hole 25 (hereinafter referred to 
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as a via-hole metal)- The via-hole metal 24a comprises 
the same metal as the air-bridge wiring 24, Le., 
Ti(50rm)/Au(2nm). and is united with the air-bridge wir- 
ing 24. That is, the via-hole metal 24a and the air-bridge 
wiring 24 are included in a continuous metal layer. 

The air-bridge wiring 24 connects the emitter elec- 
trode 21 of the HBT element to the via-hoies 25 adjacent 
to the HBT element. The emitter area is about 2 x 20 
Jim?. In this first embocfiment of the invention, the via- 
hoies 25 are present on both sides of the HBT array and 
between the adjacent HBT elements. Although only 
three HBT elements are illustrated in figures 1 and 2, an 
ordinary HBT array includes about ten HBT elements. 

Figure 3 is a cross-sectional view of an HBT element 
included in the HBT array. In figure 3. the insulating film 
35 is omitted. An n* type GaAs collector contact layer 33 
having a dopant concentration of 5 x 10 18 /cm3 and a 
thickness of 500 nm is disposed on the GaAs substrate 
26. An n type GaAs collector layer 32 having a dopant 
concentration of 5 x 10 16 /cm 3 and a thickness of 500 nm 
is disposed on a center part of the collector contact layer 
33. A p 4 type GaAs base layer 31 having a dopant con- 
centration of 4 x 10 1 9/cm3 and a thickness of 100 nm is 
disposed on the collector layer 32. An n type 
Al 0 3 Gao.7As emitter layer 30 having a dopant concen- 
tration of 5 x 10 17 /cm3 and a thickness of 150 nm is dis- 
posed on a center part of the base layer 31. An n* type 
GaAs emitter contact layer 29 having a dopant concen- 
tration of 5 x 10 18 /crh3 and a thickness of 150 nm is dis- 
posed on the emitter layer 30. The emitter electrode 21 
is disposed on the emitter contact layer 29. The base 
electrode 22 is disposed on the base layer 31 , surround- 
ing the emitter electrode 21 . The spaced apart collector 
layers 23 are cSsposed on the collector contact layer 33 
at opposite sides of the collector layer 32. Reference 
numeral 28 designates insulating regions, and numeral 
34 designates a heat generating part of the HBT ele- 
ment. 

Figures 4(a) to 4(e) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
according to the f irst ernbodiment of the invention. In the 
figures, the same reference numerals as in figure 2 des- 
ignate the same or corresponding parts. Reference 
numeral 35 designates an insulating film, numeral 36 
designates a resist pattern, numeral 37 designates a 
feeding layer for electroplating, and numeral 38 desig- 
nates a plated metal part of the air-bridge wiring 24 and 
the via-hole metal 24a. 

Initially, as illustrated in figure 4(a), after fabrication 
of HBT elements on the GaAs substrate 26, an insulating 
film 35, such as SiON. is deposited over each HBT ele- 
ment, and a portion of the insulating film 35 on the top 
of the emitter electrode 21 is selectively removed by 
reactive ion etching (hereinafter referred to as RIE). 
thereby forming a contact hole 40. 

Thereafter, as illustrated in figure 4(b), about 30 |im 
deep holes 25a are formed in regions of the GaAs sub- 
strate 26 at both sides of each HBT element by RIE 



In the step of figure 4(c), a resist pattern 36 is formed 
on the insulating film 35. This resist pattern 36 provides 
a space beneath the air -bridge wiring 24 which is later 
produced on the resist pattern 36. Then, 
5 Ti(50nm)/Au(200nm) is deposited over the entire surface 
of the substrate including the inner surface of the holes 
25a by sputtering to produce a feeding layer 37 for elec- 
troplating. After masking part of the feeding layer 37 
where the air-bridge wiring 24 and the via-hole metal 24a 
w are not required with resist, Au is plated on uncovered 
part of the feeding layer 37 to a thickness of 1 800 nm to 
produce a plated Au layer 38. followed by removal of the 
resist pattern 36. As a result a plated metal wiring serv- 
ing both as the air-bridge wiring 24 and the via-hole metal 
15 24a is completed (figure 4(d)). 

In the step of figure 4(e), the rear surface of the GaAs 
substrate is ground and polished until the feeding layer 
37 at the bottom of the hole 25a is exposed and, there- 
after, a PHS 27 comprising 40 p,m thick Au "is formed on 
20 the rear surface of the substrate by electroplating. In fig- 
ures other than figures 4(a)-4(e), the feeding layer 37 and 
the plated Au layer 38 are illustrated as a single metal 
layer for simplification. 

In the HBT element shown in figure 3. heat is pre- 
ss duced in the base-emitter junction region 34. This heat 
is dissipated through the GaAs substrate 26 when the 
air-bridge wiring is absent Since the heat ccriductivity 
of GaAs is lower than the heat conductivity of metal, the 
thermal resistance of this heat dissipation path (first heat 
30 dissipation path) is unfavorably increased. However, in 
this first ernbodiment of the invention, in addition to the 
first heat dissipation path, the HBT element is provided 
with a second heat dissipation path through the emitter 
electrode 21. the air-bridge wiring 24, and the via-hole 
35 25 as indicated by arrows in figure 3. Since the constit- 
uents of the second path are made of metal, the thermal 
resistance is further reduced as compared to the prior 
art structure shown in figure 14 wherein heat is dissi- 
pated through the GaAs substrate at the both sides of 
40 the HBT array. More specifically, while in the prior art 
structure shown in figure 14 the GaAs substrate is 
present beneath the heat spread region of the air-bridge 
wiring, in the structure according to this first embodiment 
the via-hole metal 24a is present in that region, whereby 
45 the thermal resistance is reduced. Further, since the via- 
hole 25 is present in close vicinity to the HBT element, 
the length of the air-bridge wiring 24 connecting the HBT 
element to the via-hole is shortened as compared to the 
prior art structure and, therefore, the thermal resistance 
so of the air-bridge wiring is reduced by the reduction in the 
air-bridge length. Likewise, the inductance of the air- 
bridge wiring is reduced, that is. the emitter "inductance 
is reduced. 

In the fabricating method of the HBT according to 
55 the first embodimentof the invention, since the air-bridge 
wiring 24 and the via-hole metal 24a are formed simul- 
taneously in the same process, the fabrication is signifi- 
cantly simplified. Further, since the air-bridge wiring 24 
and the via-hole metal 24a are formed as a continuous 
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metal layer, a structure for connecting them is not nec- 
essary. Therefore, it is not necessary to secure a space 
for the structure between the HBT element and the via- 
hole. Therefore, the via -hole 25 can be formed in close 
vicinity to the HBT element, so that the heat conducting 
path from the emitter electrode to the via-hole, i.e., the 
air-bridge wiring 24, is shortened. As a result the heat 
dissipation property is improved, and the emitter induct- 
ance is reduced. Further, the absence of the structure 
for connecting the air-bridge wiring and the via-hole 
metal improves the reliability of the device. Furthermore, 
since the air-bridge wiring 24 is short, it is possible to 
reduce the thickness of the air-bridge wiring in respect 
of the thermal resistance and the mechanical strength, 
whereby the above-described electroplating process is 
facilitated. 

As described above, according to the first embodi- 
ment of the present invention, since the thermal resist- 
ance of the heat transfer path of the HBT element is 
reduced and the heat dissipation property is improved, 
unwanted increase in the temperature of the HBT ele- 
ment during the operation is suppressed. Therefore, 
degradation in electrical characteristics of the HBT ele- 
ment is avoided, and the reliability is improved. Further, 
since the emitter inductance is reduced, the high-fre- 
quency characteristics of the HBT element are improved. 
Furthermore, since the adjacent HBT elements are sep- 
arated from each other by the via-hole. the thermal inter- 
ference between the HBT elements is significantly 
reduced. Accordingly, unwanted increase in temperature 
of the device due to heat confined in the HBT elements 
in the middle of the HBT array is suppressed. Further, 
since each HBT element is connected to the adjacent 
via-hole through the air-bridge wiring, the uniformity in 
the thermal resistances of the HBT elements is 
improved. 

[Embodiment 2] 

Figure 5 is a cross-sectional view illustrating an HBT 
in accordance with a second embodiment of the present 
invention. In the figure, the same reference numerals as 
in figure 2 designate the same or corresponding parts. 
Reference numeral 39 designates an electrode disposed 
on the front surface of the substrate 26 contacting the 
via-hole 25 (hereinafter referred to as a via-hole upper 
electrode). The via-hole upper electrode 39 comprises 
Ti(50nm)/Au(2jim). The via- hole 25 is Hied with the 
metal of the PHS 27, i.e.. the via-hole metal 27a is united 
with the PHS 27. The air-bridge wiring 24 is connected 
through the via-hole upper electrode 39 to the via-hole 
metal 27a. 

Figures 6(a)-6(c) are cross-sectional views illustrat- 
ing process steps in a method of fabricating the HBT 
shown in figure 5. Initially, as illustrated in figure 6(a), 
after fabrication of HBT elements and patterning of the 
insulating film 35 to form the contact hole 40, the via-hole 
upper electrode 39 is formed on the surface of the sub- 
strate 26 in close vicinity to each HBT element, followed 



24 

by formation of the air-bridge wiring 24. The air-bridge 
wiring 24 is formed in the same process as described in 
the first embodiment of the invention. Next, as illustrated 
in figure 6(b), the GaAs substrate 26 is ground and pol- 

5 ished at the rear surface until the thickness of the sub- 
strate is reduced to about 30 \im. 

In the step of figure 6(c), a portion of the GaAs sub- 
strate 26 opposite the via-hole upper electrode 39 is 
selectively etched by RIE from the rear surface of the 

io substrate until the via-hole upper electrode 39 is 
exposed, thereby forming a hole 25a for the via-hole 25. 
Thereafter, 40 jim thick Au is plated over the rear surface 
of the substrate 26 to form a PHS 27. During the elec- 
troplating, the hole 25a is filled with Au, resulting in the 

is structure shown in figure 5. 

In the HBT illustrated in figure 5, heat generated in 
the HBT element is transferred through the emitter elec- 
trode 21, the air-bridge wiring 24, the via-hole upper 
electrode 39, and the via-hole metal 27a to the PHS 27. 

so Since the via-hole metal 27a is not a thin metal film plated 
on the inner surface of the hole 25 as described in the 
first embodiment but a metal completely filled in the hole 
25a. Therefore, the thermal resistance of the via-hole 25 
is lowered as compared to the first embodiment of the 

25 invention. Further, since the via-hole 25 is located in 
dose vicinity to the HBT element the air-bridge wiring is 
shortened, and the thermal resistance of the air-bridge 
wiring is reduced by the reduction in the air-bridge length. 
Likewise, the inductance of the air-bridge wiring is 

30 reduced, that is, the emitter inductance is reduced. Fur- 
ther, since the via-hole upper electrode 39 is present 
between the air-bridge wiring 24 and the via-hole 25, the 
adhesion between them is improved. 

In the method of fabricating the HBT according to 

35 the second embodiment of the present invention, since 
the connection between the via-hole upper electrode 39 
and the air-bridge wiring 24 is made on the via-hole 
region, it is not necessary to secure a region for the con- 
nection only. Therefore, the via-hole 25 can be located 

40 in close vicinity to the HBT element, so that the heat con- 
ducting path from the emitter electrode 21 to the via-hole 
25, i.e., the air-bridge wiring 24, can be shortened. As 
already described above, a short air-bridge wiring pro- 
vides reduced thermal resistance and reduced emitter 

45 inductance and permits a reduction in the thickness of 
the air-bridge wiring. The reduction in the thickness of 
the air-bridge wiring facilitates the electroplating of the 
air-bridge wiring. Further, since the via-hole metal 27a 
and the PHS 27 are simultaneously produced, the fabri- 

so eating process is simplified. Furthermore, since the via- 
hole metal 27a is united with the PHS 27. there is no 
necessity for connecting them, whereby the reliability is 
improved. 

As described above, according to the second 
55 embodiment of the present invention, since the thermal 
resistance of the heattransfer path for each HBT element 
is reduced and the heat dissipation property is improved, 
unwanted increase in the temperature of the element 
during the operation is suppressed, whereby degrada- 
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tion of electrical characteristics of the HBT element is 
avoided and the reliability is improved. Further, because 
the emitter inductance is reduced, the high-frequency 
characteristics Off the HBT element is improved. Further- 
more, since adjacent HBT elements are separated from 
each other by the via-hole, the thermal interference 
between the HBT elements is significantly reduced. 
Accordingly, unwanted increase in the temperature of 
HBT elements in the middle of the HBT array due to 
heats confined in these HBT elements is suppressed. 
Further, since each HBT element is connected to the 
adjacent via-hole through the air-bridge wiring, the uni- 
formity of thermal resistances of the HBT elements is 
improved. 

[Embodiment 3] 

Figure 7 is a -cross-sectional view illustrating an HBT 
in accordance with a third embocfi merit of the present 
invemion. In figure 7, the same reference numerals as in 
f igure 2 designate the same or corresponding parts. Ref- 
erence numeral 41 designates a heat dissipating metal 
film comprising Ti(50nm)/Au(2p.m) and having a width of 
10 fim -100 um. The air-bridge wiring 24 connects the 
emitter electrode 21 of the HBT element to the heat dis- 
sipating metal film 41. In this structure, heat generated 
in the HBT element is transferred through the emitter 
electrode 21, the air-bridge wiring 24, the heat dissipat- 
ing metal f ilm 41 , and the GaAs substrate 26 to the PHS 
27 as illustrated by arrows in f igure 7. 

Figures 8(a) and 8(b) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
shown in figure 7. Initially, as illustrated in figure 8(a), 
after fabrication of HBT elements and patterning of the 
insulating film 35 to form the contact hole 40, the heat 
dissipating metal film 41 is formed on the surface of the 
GaAs substrate 26 in close vicinity to each HBT element 

Thereafter, as illustrated in figure 8(b), the air-bridge 
wiring 24 is produced in the same process as described 
in the first embodiment of the invention. Although the 
heat dissipating metal film and the air-bridge wiring are 
produced in different process steps, these may be pro- 
duced in the same process step. After fabrication of the 
air-bridge wiring 24, the GaAs substrate 26 is ground and 
polished at the rear surface until the thickness of the sub- 
strate is reduced to about 30 jim. Thereafter, 40 jxm thick 
Au is plated over the rear surface of the substrate to pro- 
duce a PHS 27, thereby completing the structure shown 
in figure 7. 

In the HBT shown in figure 7, in place of the via-holes 
25 employed in the first and second embocSments of the 
invention, the heat dissipating metal films 41 each having 
a width of 1 0 ~ 1 00 jim are directly disposed on the GaAs 
substrate 26 at both sides of the HBT array and between 
the HBT elements. Since the heat dissipating metal film 
41 has a large area, the heat dissipation property of the 
HBT element is improved as in the case where the via- 
hole 25 is employed. Since the heat dissipating metal film 
41 is in close vicinity to the HBT element the length of 



the air-bridge wiring 24 connecting the emitte' electrode 
21 to this metal f 3m 41 is shortened, whereby the thermal 
resistance of the air-bridge wiring 24 is reduced. The 
reduction in the air-bridge length contributes not only to 

s the improvement of the heat dissipation property of the 
element but also to the reduction in the inductance of the 
air-bridge wiring. Further, the adhesion between the air- 
bridge wiring 24 and the GaAs substrate 26 is improved 
by the heal dissipating metal film 41 interposed between 

to them. 

In the method of fabricating the HBT according to 
the second embodiment of the invention, since the con- 
nection between the heat dissipating metal film 41 and 
the air-bridge wiring 24 is made on the heat dissipating 

is metal film 41 , it is not necessary to secure a region for 
the connection only. Therefore, the heat dissipating 
metal film 41 is located in close vicinity to the HBT ele- 
ment, and the length of the air-bridge wiring 24 connect- 
ing the HBT element to the heat dissipating metal film 41 

so is shortened. Thereby, as already described above, the 
thermal resistance is reduced and the emitter inductance 
is reduced. Further, sine, -he thickness of the air-bridge 
wiring 24 can be reduce the electroplating for the air- 
bridge wiring 24 is facilitai&d. 

25 As described above, according to the third embodi- 
ment of the present invention, since the length of the air- 
bridge wiring connecting the emitter electrode 21 of the 
HBT element to the heat dissipating metal film 41 is 
short, the thermal resistance is reduced, whereby the 

30 heat dissipation property is improved. Therefore, 
unwanted increase in the temperature of the HBT ele- 
ment during the operation is suppressed, whereby deg- 
radation of electrical characteristics of the HBT element 
is avoided and the reliability is improved. Further, since 

35 the inductance of the air-bridge wiring is reduced, the 
emitter inductance is reduced, whereby the high-fre- 
quency characteristics of the HBT el ement are improved. 
Furthermore, since each HBT element is connected to 
adjacent heat dissipating metal film through the air- 

40 bridge wiring, the uniformity of thermal resistances of the 
HBT elements is improved. 

[Embodiment 4] 

45 Figure 9 is a plan view illustrating an HBT in accord- 
ance with a fourth embodiment of the present invention. 
In figure 9, the same reference numerals as in figure 1 
designate the same or corresponding parts. Although 
only one HBT element is illustrated in figure 9, actually 

so a plurality of HBT elements are arranged in an array as 
shown in figure 1 . In the figure, reference character a 
denotes an interval between the emitter electrode 2 1 and 
the via-hole 25 in the array direction of the HBT elements, 
and reference character b denotes an interval between 

55 an end of the emitter electrode 21 and an end of the via- 
hole 25 in the direction perpendicular to the array direc- 
tion. Here, a is smaller than b (a < b). 

In an HBT array structure having a via-hole between 
adjacent HBT elements, thermal interference between 
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the HBT elements can be suppressed by increasing the 
width of the via -hde in the direction perpendicular to the 
array direction In the structure shown in figure 9, when 
diffusion of heat from the above<l escribed heat gener- 
ating region (the base-collector junction) under the rec- s 
tangular emitter region toward the surface of the 
substrate is considered, the heat generated in the HBT 
element and transferred through the substrate-is effec- 
tively absorbed by the via -hole 25 when the width of the 
via-hole satisfies the relationship of a < b. Usually, the w 
interval a is about 20 jim. Thereby, the thermal separa- 
tion between the HBT elements is improved. As a result, 
unwanted increase in the temperature of HBT elements 
in the middle of the HBT array due to heats confined in 
these H8T elements is suppressed. is 

[Embodiment 5] 

Figure 1 0 is a plan view illustrating an HBT in accord- 
ance with a fifth embodiment of the present invention. In 20 
figure 10, the same reference numerals as in figure 1 
designate the same or corresponding parts. Reference 
numeral 42 designates a wiring of metal film comprising 
Ti(50nm)/Au(2nm). Although only one HBT element is 
illustrated in figure 10, actually a plurality of HBT ele- 25 
merits are arranged in an array as shown in figure 1 . In 
this fifth embodiment of the invention, a via-hole 25 sur- 
rounds the HBT element leaving a minimum portion of 
the GaAs substrate required for supporting the element 
region. The via-hole 25 is fiPed with the metal of the PHS. 30 
A cross section taken along a line A- A* in figure 10 is 
similar to figure 5 except that the via-hole is present at 
the both sides of the HBT elements. Alternatively, the via- 
hole structure according to the first embodiment in which 
the metal film 24a is disposed on the inner surface of the 35 
via-hole may be applied to this fifth embodiment of the 
invention. 

As described above, according to the fifth embodi- 
ment of the present invention, since the via-hole 25 is 
arranged surrounding the HBT element, heat generated 40 
in the HBT element and diffused toward the substrate is 
almost completely absorbed by the via-hole, so that the 
thermal interference between adjacent HBT elements is 
suppressed with higher efficiency than in the structure 
shown in figure 4. As a result, unwanted increase in the 45 
temperature of HBT elements in the middle of the HBT 
array due to heats confined in these HBT elements is 
suppressed. 

[Embodiment 6] so 

Figures 11(a) and 11(b) are plan views illustrating 
HBTs in accordance with a sixth embodiment of the 
present invention. In these figures, reference numeral 
1 00 designates an HBT element Electrodes of the HBT ss 
element 100 are not shown. In figure 1 1(a), via-holes 25 
are disposed at both ends of an HBT array including five 
HBT elements, and heat dissipating metal films 41 are 
disposed between the HBT elements 1 00. The via-holes 
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25, the heat dissipating metal films 41, and the emitter 
electrodes (not shown) of the HBT elements are con- 
nected by the air-bridge wiring 24. In figure 1 1 (b), via- 
holes 25 are disposed at both ends of and in the center 
of an HBT array including ten HBT elements, and heat 
dissipating metal films 41 are disposed between the HBT 
elements except the center region where the via-hole 25 
is present The via- holes 25, me neat dissipating metal 
fDms 41. and the emitter electrodes (not shown) of the 
HBT elements are connected by the air-bridge wiring 24. 

In the HBTs according to this sixth embodiment of 
the invention, heats generated in the HBT elements are 
dissipated through the via-holes 25 at the both ends of 
and in the center of the HBT array and through the heat 
dissipating metal films 41 between the HBT elements. 
Since the via-holes 25 and the heat dissipating metal 
films 41 are in close vicinity to the HBT elements, the 
length of the air-bridge wiring 24 connecting the emitter 
electrode of each HBT element to the via-hole or the 
metal film is shortened, so that the heat dissipation prop- 
erty is signtf icantfy improved as compared to the prior art 
structure shown in figure 14 in which heat dissipation 
regions are present only on the both sides of the HBT 
array. Therefore, undesired increase in the element tem- 
perature during the operation is suppressed, whereby 
degradation of electrical characteristics of the HBT ele- 
ment is avoided and the reliability is improved. Further, 
since the emitter inductance is reduced, the high-fre- 
quency characteristics of the HBT element is improved. 
Furthermore, the thermal resistances of the HBT ele- 
ments are made uniform. 

[Embodiment 7] 

Figure 12 is a cross-sectional view illustrating an 
HBT in accordance with a seventh embodiment of the 
present invention. In figure 12, the same reference 
numerals as in figure 2 designate the same or corre- 
sponding parts. Reference numeral 50 designates a wir- 
ing comprising Ti(50nm)/Au(2nni). Reference numeral 
51 designates a via-hole metal comprising 
Ti(50nm)/Au(2nm). The air-bridge wiring 24 is con- 
nected through the wiring 50 to the via-hole metal 51 . 
The via-hole metal 51 is connected to the PHS 27 at the 
rear surface of the substrate 26. A heat dissipating metal 
film 41 is disposed on the opposite side of the HBT ele- 
ment from the via-hole 25. The air-bridge wiring 24 is 
connected to the heat dissipating metal film 41 . In place 
of the heat dissipating metal film 41 , a via-hole of the 
same structure as the via-hole 25 may be disposed. 

Figures 13(a) -13(e) are cross-sectional views illus- 
trating process steps in a method of fabricating the HBT 
shown in figure 12. Initially, as illustrated in figure 13(a). 
after fabrication of the HBT element on the GaAs sub- 
strate 26, an insulating film 35 is deposited over the HBT 
element and patterned to form the contact hole 40. 

Thereafter, as illustrated in figure 13(b), the wiring 
50 and the heat dissipating metal film 41 are simultane- 
ously formed in the same process step using the same 
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material, for example. Ti/Au. However, the wiring 50 and 
the metal fflm 41 may be formed in Different process 
steps so that materials and structures thereof are opti- 
mized for their objects. 

In the step of figure 13(c). the air-bridge wiring 24 is 
formed in the same process according to the f irst embod- 
iment of the invention. Thereafter, as illustrated in figure 
1 3(d), a prescribed portion of the substrate in the vicinity 
to the wiring 50 is selectively etched by RIE to form a 
hole 25a for the via-hole 25. The depth of the hole 20a 
is about 30 y.m. 

Further, as illustrated in figure 13(e). the via-hole 
metal 51 comprising Ti(50nm)/Au(2jim) is formed by 
electroplating. Finally, the GaAs substrate 26 is ground 
and polished at the rear surface until the via-hole metal 
51 is exposed, followed by electroplating of 40 n thick Au 
over the rear surface of the substrate to produce the PHS 
27, thereby completing the structure shown in figure 12. 

In the HBT shown in figure 1 2. heat generated in the 
HBT element is transferred through the emitter electrode 
21, the air-bridge wiring 24. the wiring 50, and the via- 
hole metal 51 to the PHS 27. Since these parts are made 
of metal, the thermal resistance is significantly reduced 
as compared to the prior art structure shown in f igure 1 4 
in which heat is transferred through the air-bridge wiring 
to the GaAs substrate. Further, since the wiring 50 is 
located in close vicinity to the HBT element and the via- 
hole 25 is located in dose vicinity to the wiring 50. the 
heat transfer path through the air-bridge wiring 24 and 
the wiring 50 is shortened compared to the prior art 
structure, whereby the thermal resistance is further 
reduced. As a result, the heat dissipation property is 
improved. 

In the method of fabricating the HBT according to 
this seventh embodiment of the invention, since the via- 
hole metal 51 and the air-bridge wiring 24 are produced 
in different process steps, it is possible to optimize mate- 
rials and shapes thereof so that the best heat dissipation 
property, electrical characteristics, and reliability are 
realized. In addition, process steps for producing the via- 
hole metal 51 and the air-bridge wiring 24 with high sta- 
bility, respectively, can be employed, the reliability of the 
device and the production yield are improved. Further- 
more, since the wiring 50 is located in close vicinity to 
the HBT element, the length of the air-bridge wiring 24 
connecting the emitter electrode 21 of the HBT element 
to the wiring 50 is shortened. Therefore, as already 
described above, the thickness of the air-bridge wiring 
24 can be reduced, and the electroplating of the air- 
bridge wiring is facilitated. 

According to the seventh embodiment of the present 
invention, since the heat dissipation property is 
improved, unwanted increase in the temperature of the 
HBT element during the operation is suppressed, 
whereby degradation of electrical characteristics of the 
HBT element is avoided and the reliability is improved. 
Further, since the HBT elements are separated from 
each other by the via-hdes 25. the thermal interference 
between the HBT elements is significantly reduced. 



Therefore, unwanted increase in the temperature of HBT 
elements in the middle of the array due to heats confined 
in these elements is suppressed. In addition, since the 
HBT element is connected through the air-bridge wiring 
5 to the adjacent via-hole. the uniformity of the thermal 
resistances of the HBT elements is improved. 

[Embodiment 8] 

io Generally, a base-grounded bipolar transistor pro- 
vides a higher power gain than an emitter-grounded 
bpolar transistor and, therefore, it is suitable tor high-fre- 
quency operation. However, the base-grounded bipolar 
transistor is inferior to the emitter-base bipolar transistor 

is in power efficiency. The poor power efficiency of the 
base-grounded bipolar transistor causes unwanted heat 
generation and temperature rise in the device, resulting 
in thermorunaway that is an obstacle to increase in out- 
put power and reliability of the device. However, in prior 

20 art base-grounded bipolar transistors, measures to 
reduce the thermal resiatence other than thinning the 
substrate are not taken. An example of the prior art base- 
grounded bipolar transistor is shown in f igures 27(a) and 
27(b). 

25 Following eighth to eleventh embodiments of the 
invention are directed to solving the problems of the prior 
art base-grounded bipolar transistor and it is an object 
of those embodiments to increase the reliability by sup- 
pressing unwanted temperature rise in the device when 

30 it is biased and operated. 

Figures 1 4(a) and 14(b) are a plan view and a cross- 
sectional view, respectively, illustrating a base-grounded 
HBT according to an eighth embodiment of the present 
invention. In the figures, the same reference numerals 

35 as in figures 1 and 2 designate the same or correspond- 
ing parts. Reference numeral 121 designates an emitter 
input terminal. In this base-grounded HBT, materials and 
thicknesses of metal layers constituting the electrodes, 
the PHS. and the air-bridge, and semiconductor layers 

40 constituting the emitter layer, the base layer, and the col- 
lector layer are the same as those described in the first 
embodiment 

The structure of the HBT according to this eighth 
embodiment is fundamentally identical to the structure 

45 according to the first embodiment except that the air- 
bridge wiring 24 is connected to the base electrode 22 
of each HBT element whereas it is connected to the emit- 
ter electrode 21 in the first embodiment. More specifi- 
cally, the base electrode 22 of each HBT element is 

so connected through the air-bridge wiring 24 to the via- 
hole adjacent to the element, and the air-bridge wiring 
24 and the via-hole metal 24a are included in a continu- 
ous metal layer. 

The fabricating process of the base-grounded HBT 

55 according to this eighth embodiment is fundamentally 
identical to the fabricating process according to the first 
embodiment except that the air-bridge wiring 24 com- 
prising the feeding layer 37 and the plated metal layer 38 
are connected to the base electrode 22 whereas it is con- 
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nected to the emitter electrode 21 in the first embodi- 
ment. 

In the base-grounded HBT shown in figure 14(a)- 
14(b). in addition to the first heat dissipation path from 
the HBT element through the substrate 26 to the PHS 
27, there is a second heat dissipation path through the 
base electrode 22, the air-bridge wiring 24, and the via- 
hole 25 to the PHS 27. Therefore, the thermal resistance 
from the HBT element to the PHS is Significantly reduced 
as in the f irst embodiment of the invention. Further, since 
the via-hole 25 is pr eserrt in close vicinity to the HBT ele- 
ment, the length of the air-bridge wiring 24 connecting 
the base electrode 22 to the via-hole 25 is shortened 
and, therefore, the thermal resistance of the air-bridge 
wiring is reduced by the reduction in the air-bridge length. 
Since the heat dissipation property is improved as 
described above, unwanted increase in the temperature 
of the HBT element during the operation is suppressed. 
Therefore, degradation in electrical characteristics of the 
HBT element is avoided, and the reliability is improved. 
Further, since the length of the air-bridge wiring is short- 
ened, the inductance of the air-bridge wiring is reduced. 
That is, the base inductance is reduced, whereby the 
high-frequency characteristics of the HBT element are 
improved. Furthermore, since the adjacent HBT ele- 
ments are separated from each other by the via-hole 25. 
the thermal interference between the HBT elements is 
significantly reduced. Accordingly, unwanted increase in 
temperature of the device due to heat confined in the 
HBT elements in the middle of the HBT array is sup- 
pressed. Further, since each HBT element is connected 
to the adjacent via-hole 25 through the air-bridge wiring 
24. the uniformity in the thermal resistances of the HBT 
elements is improved. The improved heat dissipation 
property and the uniform thermal resistance increase the 
output power and the power addition efficiency of the 
HBT. 

[Embodiment 9] 

Figures 1 5(a) and 1 5(b) are a plan view and a cross- 
sectional view, respectively, illustrating a base-grounded 
HBT according to the ninth embodiment of the present 
invention. As shown in figure 1 5(a), the base electrode 
22 is connected through the via-hole 25 to the PHS 27 
and grounded. The cross-sectional view of this base- 
grounded HBT is identical to the cross-sectional view of 
the HBT shown in figure 7 according to the third embod- 
iment of the invention. The emitter electrode 21 is con- 
nected through the air-bridge wiring 24 to the heat 
dissipating metal film 41. 

In the HBT accorcfing to this ninth embodiment, the 
base electrode 22 is grounded, and bias voltage is 
applied to the collector electrode 23. Signals and bias 
current are input to the HBT from the emitter electrode 
21 , and signals amplified in the HBT are output from the 
collector electrode 23. 

The fabricating process of this base-grounded HBT 
is identical to the fabricating process of the HBT shown 



in figures 8(a)-8(b) according to the third embodiment of 
the invention. 

In this ninth embodiment of the invention, since the 
emitter electrode 21 of each HBT element is connected 

5 through the air-bridge wiring 24 to the heat dissipating 
metal film 41 adjacent to the HBT element, heat pro- 
duced in the HBT element is transferred through the 
emitter electrode 21, the air-bridge wiring 24, and the 
metal film 41 to the GaAs substrate 26, whereby the heat 

to Dissipation property of the HBT element is significantly 
improved. Therefore, unwanted increase in the temper- 
ature of the HBT element during the operation is sup- 
pressed, whereby degradation in electrical 
characteristics of the HBT element is avoided, resulting 

75 in an increase in the reliability. Further, since each HBT 
element is connected through the air-bridge wiring 24 to 
the adjacent heat dissipating metal film 41 , the uniformity 
of thermal resistances of the HBT elements is improved. 
The improved heat dissipation property and the uniform 

20 thermal resistance increase the output power and the 
power addition efficiency of the HBT. Furthermore, since 
the heat dissipating metal film 41 is disposed in dose 
vicinity to the HBT element, the length of the air-bridge 
wiring 24 connecting the element to the metal film 41 is 

25 shortened, whereby the inductance of the air-bridge wir- 
ing is reduced. As a result, the emitter inductance is 
reduced, and the high-frequency characteristics of the 
element are improved. 

30 [Embodiment 1 0] 

Figure 1 6(a) and 1 6(b) are a plan view and a cross- 
sectional view, respectively, illustrating a base-grounded 
HBT in accordance with a tenth embodiment of the 

35 present invention. The structure of this base-grounded 
HBT is identical to the HBT shown in figure 7 according 
to the third embodiment except that the base electrode 
22 is connected through the air-bridge wiring 24 to the 
heat dissipating metal film 41 whereas the emitter elec- 

40 trode 21 is connected in the third embodiment. 

In the HBT according to this tenth embodiment, the 
base electrode 22 is grounded, and bias voltage is 
applied to the collector electrode 23. Signals and bias 
current are input to the HBT from the emitter electrode 

45 21 , and signals amplified in the HBT are output from the 
collector electrode 23. 

The fabricating process of the base-grounded HBT 
according to this tenth embodiment is fundamentally 
identical to the fabricating process of the HBT according 

so to the third embodiment except that the base electrode 
22 is connected through the air-bridge wiring 24 to the 
heat dissipating metal film 41 whereas the emitter elec- 
trode 21 is connected in the third embodiment. 

In this tenth embodiment of the invention, since the 

55 base electrode 22 of each HBT element is connected 
through the air-bridge wiring 24 to the heat dissipating 
metal film 41 adjacent to the HBT element, heat pro- 
duced in the HBT element is transferred through the 
base electrode 22. the air-bridge wiring 24. and the metal 
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film 41 to the GaAs substrate 26, whereby the heat dis- 
sipation property of the HBT element is significantly 
improved. Therefore, unwanted increase in the temper- 
ature of the HBT element during the operation is sup- 
pressed, whereby degradation in electrical 
characteristics of the HBT element is avoided, resulting 
in an increase in the reliability. Further, since each HBT 
element is connected through the air-bridge wiring 24 to 
the adjacent heat dissipating metal film 41 , the uniformity 
of thermal resistances of the HBT elements is improved. 
The improved heat dissipation property and the uniform 
thermal resistance increase the output power and the 
power addition efficiency of the HBT. Furthermore, since 
the heat dissipating metal film 41 is disposed in close 
vicinity to the HBT element, the length of the air-bridge 
wiring 24 connecting the base electrode 22 to the metal 
film 41 is shortened, whereby the inductance of the air- 
bridge wiring is reduced. As a result the base inductance 
is reduced, and the high-frequency characteristics of the 
element are improved. 

[Embodiment 11] 

Figures 1 7(a) and 1 7(b) are a plan view and a cross- 
sectional view, respectively, illustrating an HBT accord- 
ing to an eleventh embodiment of the present invention. 
In this HBT. a collector electrode 23 is disposed on one 
side of an emitter electrode 21 , and a base electrode 22 
is disposed on the opposite side of the emitter electrode 
21 from the collector electrode 23. The via-hole 25 is dis- 
posed in close vicinity to the base electrode 22. The via- 
hole metal 51 is extended on a region of the substrate 

26 between the via-hole 51 and the base electrode 22, 
i.e., the base electrode 22 is connected through the via- 
hole metal 51 to the PHS 27. 

The fabricating method of the HBT according to this 
eleventh embodiment is illustrated in figures 18(a)- 18(b). 
Initially, as illustrated in figure 18(a), an HBT element 
including an emitter electrode 21, a base electrode 22, 
and a collector electrode 23 is fabricated on the GaAs 
substrate 26, and an insulating film (SiON) 35 lor protec- 
tion is deposited over the HBT element. The same met- 
als and semiconductors as described in the first 
embodiment are employed for the emitter, base, and col- 
lector electrodes and the emitter, base, and collector lay- 
ers, respectively. 

In the step of figure 18(b), a hole 25a about 30 fxm 
deep is formed in the GaAs substrate 26 at a position in 
close vicinity to the base electrode 22 using RIE. There- 
after, a via-hole metal 51 comprising Ti(50nm)/Au(2|im) 
is formed by electroplating, and the GaAs substrate 26 
is ground and polished at the rear surface until the via- 
hole metal 51 is exposed Finally, 40 Jim thick Au is elec- 
troplated over the rear surface of the substrate to form a 
PHS 27, completing the structure shown in figure 17(b). 

In this eleventh embodiment of the invention, heat 
generated in the HBT element is transferred to the PHS 

27 not only through the substrate just under the element 
but also through the base electrode 22 and the via-hole 



metal 51 . so that the heat dissipation property of the ele- 
ment is significantly improved. In addition, since both the 
via-hole metal 51 and the PHS 27 comprise metals hav- 
ing relatively low thermal resistivities and the semicon- 

5 doctor substrate having a relatively high thermal 
resistivity is not interposed between the via-hole metal 
51 and the PHS 27, the thermal resistivity of the HBT 
element is reduced. Therefore, unwanted increase in the 
temperature of the HBT element is suppressed, whereby 

10 degradation in electrical characteristics of the HBT ele- 
ment is avoided and the output power and the power 
addition efficiency of the HBT element are increased. 
Further, since the base electrode 22 is connected to the 
via-hole 25 not through an air-bridge wiring but through 

is a portion of the via-hole metal 51 on the surface of the 
GaAs substrate, the fabricating process is simplified. 

bi the HBT shown in figures 17(a)-17(b), the base 
electrode 22 may be disposed on both sides of the emit- 
ter electrode 21 . This structure is shown in figures 1 9(a)- 

20 1 9(b) wherein figure 1 9(a) is a plan view and figure 19(b) 
is a cross-sectional view. As shown in figure 19(a). a Li- 
shaped base electrode 22 is disposed surrounding the 
emitter electrode 21. The fabricating method of this 
structure is fundamentally identical to the method aius- 

25 trated in figures 18(a)-1 8(b). In this HBT, since the base 
electrode 22 is present on the both sides of the emitter 
electrode 21 , the baser resistance is further reduced as 
compared to the HBT shown in figures 17(a)- 17(b), 
whereby the high-frequency characteristics are 

30 improved. 

[Embodiment 12] 

Generally, an HBT element has an emrtt?<-t>ase 

35 resistance of 1 - 2 CI In the above-d escr bed first, sec- 
ond, fourth, fifth, sixth, and seventh embodiments, the 
emitter electrodes of the HBT elements are electrically 
connected through the air-bridge wiring and the via- 
hoJes to the PHS. and the wiring resistances of the air- 

40 bridge and the via-hole metal are enough low to be 
ignored compared to the emitter-base resistance of the 
HBT element Therefore, the emitter-base resistance is 
dominant in the electric resistance between the emitter 
of the HBT element and the PHS. However, the emrtter- 

45 base resistance varies from element to element as a 
result of slight variation in the element structure or the 
operating temperature. Therefore, in the array of the HBT 
elements whose emitter electrodes are connected to 
each other through the air-bridge wiring, current is unde- 

so sirabty concentrated to HBT elements having lower emit- 
ter-base resistance or higher operating temperature than 
other elements even when the difference in the resist- 
ances or temperatures is very small. In order to suppress 
the current concentration to the particular HBT elements, 

55 a method described hereinafter is conventionally 
employed. That is, a resistor of several ohms is con- 
nected between the emitter electrode of each HBT ele- 
ment and the PHS in series, and a voltage drop due to 
the emitter current rs produced in the resistor, whereby 
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voltage applied to the emitter-base junction of the ele- 
ment with relatively large emitter current is reduced. In 
this way, the above-described current concentration is 
suppressed. The resistor inserted between the emitter 
electrode and the PHS is called a ballast resistor. 

However, since an electric resistor having relatively 
high thermal resistance, such as a thin metal film resis- 
tor, is employed for the ballast resistor, when the ballast 
resistor is connected in series within the wiring structure 
comprising the air-bridge wiring and the via-hole metal 
according to the above-described first, second, fourth, 
fifth, sixth, and seventh embodiments of the invention, 
the heat conduction from the emitter to the PHS is pre- 
vented, resulting in degradation in the heat dissipation 
property. 

This twelfth embodiment of the invention relates to 
a semiconductor device having a wiring structure in 
which a ballast resistor can be inserted between the 
emitter and the PHS in series without adversely affecting 
the heat dissipation property of the wiring between the 
emitter and the PHS, and a method for fabricating the 
semiconductor device. 

The semiconductor device according to this twelfth 
embodiment of the invention is shown in figures 20(a) 
and 20(b). Figure 20(a) is a cross-sectional view of a part 
of the semiconductor device in the vicinity to an electric 
resistor comprising a thin metal film and serving as a bal- 
last resistor. Figure 20(b) is a cross-sectional view of a 
part of the device including HBT elements connected to 
ballast resistors. 

In these figures, reference numeral 21 designates 
emitter electrodes comprising 

AuGe(50nm)/Ni(50nm)/Au(300nm), numeral 24 desig- 
nates air-bridge wirings comprising Ti(50nmyAu(2|im), 
numeral 25 designates a via-hole, numeral 26 desig- 
nates a semi-insulating GaAs substrate, numeral 27 des- 
ignates a PHS comprising Au 40 nm thick, numeral 35 
designates insulating films, such as SON, numeral 51 
designates a via-hole metal comprising 
Ti(50nm)/Au(2nm), numeral 60 designates thin metal 
film electric resistors comprising WSi 50 - 100 nm thick 
(hereinafter referred to simply as thin metal resistors), 
numerals 65 and 66 designate first and second contact 
electrodes comprising Ti(50nm)/Au(200nm), respec- 
tively, numeral 70 designates insulating films for protect- 
ing the substrate, such as SiO 100 - 200 nm thick, and 
numeral 72 designates inter-wiring insulating films, such 
as SiO about 1 nm thick. Reference character A desig- 
nates a heat conducting region. In addition, solid arrows 
show a current path and dotted arrows show a heat trans- 
fer path. In this twelfth embodiment, the air-bridge wiring 
24 is electrically connected to the via-hole metal 51 
through the first contact electrode 65, the thin metal 
resistor 60, and the second contact electrode 66. 
Between the air-bridge wiring 24 and the via-hole metal 
51 , current flows along the current path shown by the 
solid arrows in figure 20(a). Hereinafter, a part where the 
first contact electrode 65, the thin metal resistor 60, and 
the second contact electrode 66 are connected is called 



a electric resistance structure. Since the sheet resist- 
ance of the thin WSi film is 200 ~ 500 Q/n, it is possible 
to make the thin metal resistor have an electric resist- 
ance of about several Q by appropriately designing the 

s shape of the thin metal resistor, whereby the electric 
resistance structure is used as a ballast resistor. On the 
other hand, the via-hole metal 51 overlaps the air-bridge 
wiring 24 via the inter-wiring insulating film 72 in the 
broad heat conducting region A above the thin metal 

io resistor 60 and, therefore, the heal flow along the heat 
transfer path shown by the dotted arrows in figure 20(a) 
dominates the heat conduction between the air-bridge 
wiring 24 and the via-hole metal 51 . Hereinafter, a part 
where the air-bridge wiring 24, the inter-wiring insulating 

75 film 72, and the via-hole metal 51 overlap each other is 
called a heat conducting structure. As described above, 
in this semiconductor laser device, current flows through 
the electric resistance structure as shown by the solid 
arrows and heat flows through the heat conducting struc- 

20 ture as shown by the dotted arrows, between the emitter 
electrode of the HBT element and the PHS. 

Figures 21 (a) -2 1(e) are cross-sectional views illus- 
trating process steps in a method of fabricating the sem- 
iconductor device shown in figures 20(a) and 20(b). After 

25 fabrication of HBT elements (not shown) on the surface 
of the GaAs substrate 26, an SiO film 0. 1 - 0.2 jim thick 
is deposited over the entire surface of the substrate by 
plasma CVD and patterned by photolithography and 
etching technique, forming a substrate protecting insu- 

30 lating film 70 comprising SiO on the substrate 26 
between each HBT element and a region where a via- 
hole is later formed, as shown in figure 21 (a). 

Thereafter, as illustrated in figure 21(b), a WSi film 
50 - 100 nm thick is deposited over the entire surface 

35 by sputtering and patterned by photolithography and 
RIE. forming a thin metal resistor 60 comprising WSi on 
the substrate protecting insulating film 70. Further, an 
SiO film 01- 0.2 \im thick is deposited over the entire 
surface by plasma CVD and patterned by photo) rthogra- 

40 phy and etching technique, forming a resistor covering 
insulating film 71 that covers the thin metal film resistor 
60 except portions to be in contact with first and second 
contact electrodes 65 and 66 which are later produced. 
In the step of figure 21 (c). the first and second con- 

45 tact electrodes 65 and 66 comprising 
Ti(50nm)/Au(200nm) are formed using photolithography, 
vapor deposition, and lift-off technique, contacting the 
uncovered portions of the thin metal film resistor 60. 
These first and second contact electrodes 65 and 66 

so must be separated from each other. In this way, the 
above-described electric resistance structure is pro- 
duced. In the step of figure 21(c), the contact electrode 
65 is formed covering a broad region on the resistor cov- 
ering insulating film 71. The above-described heat con- 

55 ducting structure is later produced on this region. Next, 
an air-bridge wiring 24 comprising Ti(50nm)/Au(2nm) is 
fabricated by electroplating, contacting the first contact 
electrode 65 at a portion and contacting the emitter elec- 
trode of the HBT element at another portion. As shown 
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infic * 21 (c), the air-bridge wiring 24 is formed covering 
a b agion on the electric resistance structure. After 
fab' on of the air-bridge wiring 24, as illustrated in fig- 
ure 2Hd). an SiO film 1 nm thick is deposited over the 
entire surface by plasma CVD and patterned by photoJi- 5 
thograpny and etching technique, forming an inter-wiring 
insulating film 72 covering the surface of the air-bridge 
wiring 24 and the exposed portion of the first contact 
electrode 65. Further, a prescribed region of the GaAs 
substrate 26 is etched away to form a hole 25a for a via- 10 

hole. Thereafter, as illustrated in figure 21 (e), a via-hole 
metal 51 comprising laminated metal fims of 
Ti(50nm)/Au(2>im) is plated on a region including the sur- 
face of the inter-wiring insulating film 72 on the electric 
resistance structure and the inner surface of the hole 15 
25a. In this way, the heat conducting structure in which 
the air-bridge wiring 24, the inter-wiring insulating film 
72, and the via-hole metal layer 51 overlap each other is 
produced on the electric resistance structure. 

Finally, the GaAs substrate 26 is ground and pol- so 
ished at the rear surface until the via-hole metal 51 on 
the bottom of the hole 25a is exposed and, thereafter. 40 
urn thick Au is plated over the rear surface of the sub- 
strate 26 to form a PHS 27, completing the semiconduc- 
tor device shown in figures 20(a) and 20(b). 25 

In this twelfth embodiment of the invention, when the 
thickness of the inter-wiring insulating film 72 comprising 
SiO is about 1 jim. the width of the heat conducting struc- 
ture in the cross-section of figure 20(a) is 3 um, and the 
length of the heat conducting structure on the GaAs sub- 30 
strate in the direction perpendicular to the cross-section 
of figure 20(a) is as long as the emitter length of the HBT 
element, i.e., in a range of 1 0 ~ 20 nm. the thermal resist- 
ance of the inter-wiring insulating film 72 in the heat con- 
ducting structure becomes sufficiently lower than the 35 
thermal resistance of the heat transfer path in the electric 
resistance structure through the first contact electrode 
65, the electric resistor 60. and the second contact elec- 
trode 66 between the portions of the air-bridge wiring 24 
and the via-hole metal 51 respectively thermally con- *> 
nected to the first and second contact electrodes. Fur- 
ther, the thermal resistance of the inter-wiring insulating 
film 72 is less than 1% of the thermal resistance of the 
entire heat transfer path from the emitter electrode of the 
HBT element to the PHS. That is. even when the thin 45 
metal resistor 60 serving as a ballast resistor is inserted 
between the air-bridge wiring 24 and the via-hole metal 
51 in series, the heat dissipation property from the emit- 
ter electrode to the PHS is not degraded. Accordingly, as 
in the above-described embodiments of the invention, sc 
the thermal resistance from the emitter electrode to the 
PHS is reduced, the inductance of the air-bridge wiring 
is reduced, and the thermal separation between the HBT 
elements is improved. In addition, the current concentra- 
tion caused by variations in the emitter-base resistances si 
of the HBT elements is suppressed. 

Further, since the heat conducting structure is 
located on the electric resistance structure, the area of 
the semiconductor device on the semiconductor sub- 



strate is reduced. Further, since the first and second con- 
tact electrodes 65 and 66 are disposed between the air- 
bridge wiring 24 and the thin metal film resistor 60 and 
between the thin metal f ilm resistor 60 and the via-hote 
metal 51 . respectively, the contact resistance between 
them is reduced and the reliability of the electrical con- 
tact between them is increased. Furthermore, because 
a thin metal film is used as the electric resistor 60. the 
electric resistance of the electric resistance structure is 
precisely controlled. Furthermore, because the electric 
resistor 60 is insulated from the semiconductor substrate 
26 by the substrate protecting insulating film 70. unde- 
sired interaction between the electric resistor 60 and 
other elements on the semiconductor substrate through 
the semiconductor substrate is avoided. As a result, a 
semiconductor device permitting stable operation is real- 
ized. 

In place of WSi, WSiN or TiN may be used tor the 
thin metal resistor 60. Likewise, in place of SiO, SiOlM or 
SiN may be used for the substrate protecting insulating 
film 70, the resistor covering insulating film 71, and the 
inter-wiring insulating film 72. 

Although in this twelfth embodiment emphasis has 
been placed upon an emitter-grounded HBT, a base- 
grounded HBT having a similar structure is also within a 
scope of the present invention. In this case, the air-bridge 
wiring 24 is connected to the base electrode 22. 

[Embodiment 13] 

While in the above-described twelfth embodiment a 
thin metal film is used as the electric resistor serving as 
a ballast resistor, in this thirteenth embodiment the elec- 
tric resistor an ion implanted semiconductor layer is used 
as the electric resistor. A semiconductor device accord- 
ing to this thirteenth embodiment of the invention is 
shown in figures 22(a) and 22(b). Figure 22(a) is a cross- 
sectional view of a part of the device in the vicinity to the 
electric resistor comprising an ion-implanted semicon- 
ductor layer and serving as a ballast resistor. Figure 
22(b) is a cross-sectional view of the device including 
HBT elements connected to the ballast resistors. In 
these figures, the same reference numerate as in figures 
20(a) and 20(b) designate the same or corresponding 
parts. Reference numeral 61 designates the electric 
resistor comprising an ion-implanted semiconductor 
layer (hereinafter referred to simply as ion-implanted 
resistor), for example, an n type GaAs layer. Reference 
numerals 67 and 68 designate first and second ohmic 
contact electrodes comprising 

AiiGe(50nm)/Ni(10nm)/Au(200~ 300 nm). In this thir- 
teenth embodiment of the invention, the air-bridge wiring 
24 and the via-hole metal 51 are electrically connected 
to each other through the first ohmic contact electrode 
; 67. the ion implanted resistor 61 . and the second ohmic 
contact electrode 68. thereby providing an electric resist- 
ance structure. It is possible to reduce the electric resist- 
ance of the ion-implanted resistor 61 to several £2 by 
appropriately setting the shape and the carrier concen- 
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tration of the resistor 61, so that the electric resistance 
structure can be used as a ballast resistor. On the other 
hand, the air-bridge wiring 24 and the via -hole metal 51 
overlap each other through the inter-wiring insulating film 
72 at a broad region on the ion-implanted resistor 61 , 
thereby providing a heat conducting structure. There- 
fore, heat flow through the heat conducting structure 
dominates the heat conduction between the air-bridge 
wiring 24 and the via-hole metal 51 . In this way. also in 
the semiconductor device according to this thirteenth 
embodiment of the invention, between the emitter elec- 
trode 21 of the HBT element and the PHS 27. current 
flows through the electric resistance structure as shown 
by solid arrows while heat flows through the heat con- 
ducting structure as shown by dotted arrows. 

Figures 23(a) and 23(b) are cross-sectional views 
illustrating process steps in a method of fabricating the 
semiconductor device according to the thirteenth 
embodiment of the invention. Initially, as illustrated in fig- 
ure 23(a), in the process of fabricating HBT elements 
(not shown) at the surface of the GaAs substrate 26. after 
forming the emitter mesas and before forming the elec- 
trodes, Si ions are implanted into a prescribed region at 
the surface of the substrate 26 where the ion-implanted 
resistor 61 is to be produced. Thereafter, annealing for 
recovering crystallinity of ion-implanted insulating 
regions that separate the HBT elements from each other 
is performed. During the annealing, the Si-ions 
implanted region is activated to become an n type GaAs 
region, thereby producing the ion-implanted resistor 61. 
The n type GaAs region serving as the resistor has a 
thickness of 0.1 |i and a carrier concentration of 10 17 - 
5 x 10 1 8/cm3. Thereafter, electrodes of the HBT elements 
and the protective film are produced. 

Next, as illustrated in figure 23(b), an SiO film 0.1 ~ 
0.2 \im thick is deposited over the entire surface by 
plasma CVD and patterned by photolithography and 
etching technique to form a resistor covering insulating 
film 71 that covers the bn-implanted resistor 61 except 
portions to be in contact with first and second ohmic con- 
tact electrodes 67 and 68 which are later produced. 
Thereafter, first and second ohmic contact electrodes 67 
and 68 comprising 

AuGe(50nm)/Ni(10nm)/Au(200~300nm) are formed by 
photolithography, vapor deposition, and lift-off technique, 
contacting the uncovered portions of the ion-implanted 
resistor 61. However, these two ohmic contact elec- 
trodes should not contact each other. In this way, the 
above-described electric resistance structure is pro- 
duced. In this process, the first ohmic contact electrode 
67 is formed covering a broad region on the resistor cov- 
ering insulating film 71. A heat conducting structure will 
be produced on this region in the subsequent process 
steps. The process steps for fabricating the heat con- 
ducting structure, i.e.. the air-bridge wiring 24, the inter- 
wiring insulating film 72, and the via-hole 25, and the 
PHS 27 are identical to those already described with 
respect to figures 21(c)-2l(e) according to the twelfth 
embodiment of the invention. As a result, the semicon- 



ductor device shown in figures 22(a) and 22(b) is com- 
pleted. 

In this thirteenth embodiment of the invention, as in 
the above-described twelfth embodiment, the thermal 

5 resistance of the inter-wiring insulating film 72 in the heat 
conducting structure is sufficiently lower than the thermal 
resistance of the electric resistance structure and, more- 
over, it is less than 1% of the thermal resistance of the 
entire heat transfer path from the emitter electrode 21 of 

10 the HBT element to the PHS 27. That is. even when the 
ion-implanted resistor 61 serving as a ballast resistor is 
connected in series between the air-bridge wiring 24 and 
the via-hole metal 51 , the heat dissipation property from 
the emitter electrode 21 to the PHS 27 is not degraded. 

is Accordingly, as in the above-described embodiments of 
the invention, the thermal resistance from the emitter 
electrode 21 to the PHS 27 is reduced, the inductance 
of the air-bridge wiring 24 is reduced, and the thermal 
separation between the HBT elements is improved. In 

20 addition, unwanted current concentration caused by var- 
iations in the emitter-base resistances of the HBT ele- 
ments is suppressed. 

Further, since the heat conducting structure is 
located on the electric resistance structure, the area of 

25 the semiconductor device on the semiconductor sub- 
strate is reduced. Further, since the first and second 
ohmic contact electrodes 67 and 68 are disposed 
between the air-bridge wiring 24 and the ion-implanted 
resistor 61 and between the ion-implanted resistor 61 

30 and the via-hole metal 51. respectively, the contact 
resistance between them is reduced and the reliability of 
the electrical contact between them is increased. Fur- 
thermore, the electric resistance of the electric resist- 
ance structure is easily controlled in a wide range by the 

35 dopant concentration of the ion-implanted resistor 61 . 

Furthermore, in the fabricating method of the semi- 
conductor device according to this thirteenth embodi- 
ment of the invention, the electric resistor 61 is produced 
by the ion implantation alone. Therefore, the fabricating 

40 process of the electric resistor according to this thir- 
teenth embodiment is simpler than the process accord- 
ing to the twelfth embodiment in which a thin metal film 
is deposited and patterned by photolithography and 
etching technique to form the electric resistor. 

45 Although in this thirteenth embodiment Si ions are 
employed for the ion-implantation to produce the ion- 
implanted resistor 61 , n type dopants, such as Se and 
Te, or p type dopants, such as Be, MG, and C, may be 
employed. However, when a p type region is used for the 

so ion-implanted resistor 61, a material that makes an 
ohmic contact with the p type region, such as AuZn, Ti, 
Pt, or Au, must be employed for the first and second 
ohmic contact electrodes 67 and 68. 

55 [Embodiment 14J 

While in the above-described twelfth embocSment 
the electric resistor serving as a ballast resistor com- 
prises a thin metal film, in this fourteenth embodiment 
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the electric resistor comprises an epitaxially grown sem- 
iconductor layer. Figure 24 is a cross-sectional view illus- 
trating a semiconductor device according to the 
fourteenth emboolmentof the invention. In the figure, the 
same reference numerals as in figures 20(a) and 22(a) 
designate the same or corresponding parts. Reference 
numeral 62 designates an electric resistor comprising an 
epitajrialty grown semicondutor layer, for example, an n 
type GaAs layer (hereinafter referred to as an epitaxial 
layer resistor). Reference numeral 63 designates 
implanted insulating regions. 

In this fourteenth embodiment of the invention, the 
air-bridge wiring 24 and the via-hole metal 51 are elec- 
trically connected to each other through the first ohmic 
contact electrode 67, the epitaxial layer resistor 62, and 
the second ohmic contact electrode 68. The epitaxial 
layer resistor 62 and the ohmic contact electrodes 67 and 
68 provide an electric resistance structure. On the other 
hand, the air-bridge wiring 24 and the via-hole metal 51 
overlap each other through the inter-wiring insulating film 
72 in a broad region on the epitaxial layer resistor 62, 
thereby providing a heat conducting structure. There- 
fore, heat flow through the heat conducting structure 
dominates the heat conduction between the air-bridge 
wiring 24 and the via-hole metal 51 . In this way, also in 
the semicondutor device shown in figure 24, between the 
air-bridge wiring 24 and the PHS 27, current flows 
through the electric resistance structure shown by solid 
arrows while heat flows through the heat conducting 
structure shown by dotted arrows. 

Figures 25(a)-25<c) are cross-sectional views illus- 
trating process steps in a method of fabricating the sem- 
iconductor device according to the fourteenth 
embodiment of the invention. Initially, as illustrated in fig- 
ure 25(a), an n type GaAs layer 62a is epitaxially grown 
on the surface of the GaAs substrate 26. Then, as illus- 
trated in figure 25(b), H* or B* ions are implanted into 
prescribed regions of the substrate to form insulating 
regions 63, whereby an isolated epitaxially grown n type 
GaAs resistor 62 is produced. The epitaxial layer resistor 
62 has a thickness of 0.1 ^m and a carrier concentration 
of 10 17 ~ 5x 10 1 8/cm3. 

In the step of figure 25(c). an SiO fflm 0.1 - 0.2 jim 
thick is deposited over the entire surface by plasma CVD 
and patterned by photolithography and etching tech- 
nique to form a resistor covering insulating film 71 com- 
prising the SiO film and covering the surface of the 
epitaxial layer resistor 62 except portions to be in contact 
with first and second ohmic contact electrodes which are 
later produced. Thereafter, first and second ohmic con- 
tact electrodes 67 and 68 comprising 
AuGe(50nm)/Ni(10nm)/Au(200~300nm) are formed by 
photolithography, vapor deposition, and lift-off technique, 
contacting the uncovered portions of the epitaxial layer 
resistor 62. However, these two ohmic contact elec- 
trodes 67 and 68 should not contact each other. In this 
way, the above-described electric resistance structure is 
produced. In this process, the first ohmic contact elec- 
trode 67 is formed covering a broad region on the resistor 



covering insulating film 71 . A heat conducting structure 
will be produced on this region in the subsequent proc- 
ess steps. The fabrication of the heat conducting struc- 
ture, i.e., the air-bridge wiring 24, the inter-wiring 

5 insulating f ilm 72, and the via-hole 25, and the fabrication 
of the PHS 27 are identical to those already described 
with respect to figures 2l(c)-2l(e) according to the 
twelfth embodiment of the invention. As a result, the sem- 
iconductor device shown in figure 24 is completed. 

10 hn this fourteenth embodiment of the invention, as in 
the above-described twelfth embodiment, the thermal 
resistance of the inter-wiring insulating film 72 in the heat 
conducting structure is sufficiently lower than the thermal 
resistance of the electric resistance structure and, more- 

is over, it is sufficiently lower than the thermal resistance 
of the entire heat transfer path from the emitter electrode 
21 of the HBT element to the PHS 27. Further, since the 
heat conducting structure is located on the electric resist- 
ance structure, the area of the semiconductor device on 

20 the semiconductor substrate is reduced. Further, since 
the f irst and second ohmic contact electrodes 67 and 68 
are disposed between the air-bridge wiring 24 and the 
epitaxial layer resistor 62 and between the epitaxial layer 
resistor 62 and the via-hole metal 51, respectively, the 

25 contact resistance between them is reduced and the reH - 
ability of the electrical contact between them is 
increased. Furthermore, the electric resistance of the 
electric resistance structure is easily controlled in a wide 
range by the dopant concentration of the epitaxial layer 

30 resistor 62. 

While in the above-described fourteenth embodi- 
ment the division of the epitaxially grown layer into a plur- 
. 4aity of epitaxial layer resistors is carried out by ion 
implantation to form insulating regions between the 

35 resistors, it may be carried out by etching portions of the 
epitaxially grown layer between the epitaxial layer resis- 
tors. 

In the foregoing description, emphasis has been 
placed upon HBTs employing AlGaAs/GaAs/GaAs for 

40 emitter/base/co I lector. However, similar HBTs or bipolar 
transistors employing the following materials for emit- 
ter/base/collector are also within the scope of the present 
invention: Si/SiGe/Si, Si/Ge/SiGe, SiGe/Ge/SiGe, 
SiGe/Ge/Ge. Si/Si/Si, SiC/Si/Si, SiC/SiGe/Si, 

45 AlGaAs/GalnAs/GaAs, GalnP/GaAs/GaAs, 
AIGalnP-GalnP/GaAs/GaAs. AIGal n P/GaAs/GaAs, 
AlGalnP-GalnP/GalnP/GaAs. AlGalnP/GalnP/GaAs. 
GaAsP/GaAs/GaAs, GaAsP/Ga In As/GaAs , 

lnPA3alnAs/lnP, AI(Ga)lnAs/GalnAs/lnP, 

so AI(Ga)lnAs/lnP/lnP, AI(Ga)lnAs/GalnAs/lnP, and 
Al(Ga)lnAs/lnP/lnP. In addition, those HBTs and bipolar 
transistors may be of either n-p-n or p-n-p type. 

Claims 

55 

1. A semiconductor device (Fig. 2, 5, 12, 14(b), or 
17(b)) comprising: 

a semiconductor substrate (26) having oppo- 
site front and rear surfaces; 
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a semiconductor element disposed on the 
front surface of the semiconductor substrate (26) 
and including an electrode (21 or 22) and a heat gen- 
erating region; 

a plated heat sink (27) for dissipating heat 5 
generated in the heat generating region of the sem- 
iconductor element, said plated heat sink compris- 
ing a metal layer and disposed on the rear surface 
of the semiconductor substrate (26); 

a via-hole (25) comprising a through-hole w 
penetrating through the semiconductor substrate 
(26) from the front surface to the rear surface and 
having an inner surface, and a metal (24a, 27a, or 
51) disposed in the through-hole and contacting the 
plated heat sink (27); and 15 

a first wiring (24 or 51) comprising a metal 
film and having first and second portions, said first 
wiring (24 or 51) contacting the electrode (21 or 22) 
of the semiconductor element at the first portion and 
contacting the metal (24a. 27a, or 51 ) of the via-hole 20 
(25) at the second portion. 

A semiconductor device as defined in claim 1 (Fig. 
2, 5. 12, 14(b), or 17(b) wherein said first wiring (24) 
is an air-bridge wiring. 25 

A semiconductor device as defined in claim 2 (Fig. 
2, 5 or 12) wherein said semiconductor element is a 
bipolar transistor, and said electrode (21) is an emit- 
ter electrode. 30 

A semiconductor device as defined in daim 2 (Fig. 
1 4(b) or 1 7(b)) wherein said semiconductor element 
is a bipolar transistor, and said electrode (22) is a 
base electrode. 35 

A semiconductor device as defined in claim 4 (Fig. 
14(b) or 17(b)) wherein said base electrode is 
grounded. 

40 

A semiconductor device as defined in claim 2 (Fig. 
2 or 14(b)) wherein the second portion of the air- 
bridge wiring (24) is directly connected to the metal 
(24a) of the via-hole (25). 

45 

A semiconductor device as defined in claim 2 (Fig. 
12) further including: 

a second wiring (50) disposed on the front 
surface of the semiconductor substrate (26) and in 
close vicinity to the via-hole (25). said second wiring so 
(50) contacting the second portion of the air-bridge 
wiring (24) and contacting the metal (51) of the via- 
hole (25). 

A semiconductor device as defined in claim 2 (Fig. 55 
2) wherein the metal (24a) of the via-hole (25) is a 
metal film disposed on the inner surface of the 
through-hole. 



9. A semiconductor device as defined in claim 8 (Fig. 
2) wherein the metal film (24a) of the via-hole (25) 
and the metal film of the air-bridge wiring (24) com- 
prise the same material and are united with each 
other. 

10. A semiconductor device as def ined in claim 2 (Fig. 
5) wherein the metal of the via-hole (25) is a metal 
(27a) filling the through-hole. 

1 1 . A semiconductor device as defined in claim 1 0 (Fig. 
5) further including: 

a via-hole upper electrode (39) comprising a 
metal film with opposite upper and lower surfaces 
and disposed on a region of the front surface of the 
semiconductor substrate (26) including an opening 
of the via-hole (25), said via-hole upper electrode 
(39) contacting the metal (27a) of the via-hole (25) 
at the lower surface and contacting the second por- 
tion of the air-bridge wiring (24) at the upper surface. 

12. A semiconductor device as defined in claim 2 (Fig. 
1) including a plurality of said semiconductor ele- 
ments being arranged in an array on the front sur- 
face of the semiconductor substrate (26). 

13. A semiconductor device as defined in claim 1 2 (Fig. 
1) including a plurality of said via -holes 25 being 
located at positions arbitrarily selected from posi- 
tions on both sides of the array of the semiconductor 
elements and positions between the semiconductor 
elements. 

14. A semiconductor device as defined in claim 1 3 (Fig. 

9) wherein the width of the via-hole (25) in the direc- 
tion perpendicular to the array direction of the sem- 
iconductor elements is larger than the width of the 
heat generating region of the semiconductor ele- 
ment. 

15. A semiconductor device as defined in claim 1 3 (Figs. 
1 1 (a)-1 1 (b) and 1 2) further including: 

heat dissipating metal films (41) disposed on 
the front surface of the semiconductor substrate at 
positions on the both sides of the array of the sem- 
iconductor elements and between the semiconduc- 
tor elements where the via-holes (25) are absent, 
each heat dissipating metal film contacting the sec- 
ond portion of the air-bridge wiring (24). 

16. A semiconductor device as defined in claim 12 (Fig. 

10) wherein said via-hole (25) is formed in a shape 
that surrounds the semiconductor element leaving a 
region ol the substrate (26) where the substrate 
under the semiconductor element is connected to 
the substrate outside the via-hole. 

17. A semiconductor device (Fig. 7, 15(b), or 16(b)) 
comprising: 
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a semiconductor substrate (26) having oppo- 
site front and rear surfaces; 

a plurality of semiconductor elements dis- 
posed on the front surface of the semiconductor sub- 
strate (26) in an array, each semiconductor element 
including an electrode (21 or 22); 

heat dissipating metal films (41 ) disposed on 
the front surface of the semiconductor substrate (26) 
at positions arbitrarily selected from positions on 
both sides of the array of the semiconductor ele- 
ments and positions between the semiconductor 
elements; and 

a wring (24) having first portions and second 
portions, said wiring (24) contacting the electrodes 
(21 or 22) of the semiconductor elements at the first 
portions and contacting the heat dissipating metal 
films (41) at the second portions. 

18. A semiconductor device as defined in claim 17 (Fig. 
7, 15(b), or 16(b)) wherein said wiring (24) is an air- 
bridge wiring. 

19. A semiconductor device as defined in claim 1 8 (Fig. 
7 or 15(b)) wherein said semi conductor element is 
a bipolar transistor, and said electrode (21) is an 
emitter electrode. 

20. A semiconductor device as defined in claim 18 (Fig. 
16(b)) wherein said semiconductor element is a 
bipolar transistor, and said electrode (22) is a base 
electrode. 

21. A semiconductor device as defined in claim 19 (Fig. 
15(b)) wherein said bipolar transistor is a base- 
grounded bipolar transistor. 

22. A semiconductor device as def ined in claim 20 (Fig. 
1 6(b)) wherein said base electrode (22) is grounded. 

23. A semiconductor device as defined in claim 1 (Rgs. 
1 7(a)-1 7(b)) wherein said semiconductor element is 
a bipolar transistor including an emitter electrode 
(21) having opposite first and second sides, a col- 
lector electrode (23) disposed on the first side of and 
spaced apart from the emitter electrode (21), and a 
first base electrode (22) disposed on the second 
side of and spaced apart from the emitter electrode 
(21 ), said electrode contacting the first wiring (51) is 
said first base electrode (22), said first wiring (51) 
and said via -hole metal (51) is a continuous metal 
layer, and said via -hole (25) is disposed on the sec- 
ond side of the emitter electrode (21) and adjacent 
to the first base electrode (22). 

24. A semiconductor device as defined in claim 23 
(19(a)- 19(b)) further including a second base elec- 
trode in a region between the emitter electrode (21) 
and the collector electrode (23), said second base 



electrode being electrically connected to Vie first 
base electrode (22). 

25. A method of fabricating a semiconductor device 
s (Rgs. 4(a)-4(e)) comprising: 

preparing a semiconductor substrate (26) 
having opposite front and rear surfaces; 

producing a semiconductor element includ- 
ing an electrode (2 1 ) on the front surface of the sem- 
w conductor substrate (26); 

forming a hole (25a) having a prescribed 
depth and an inner surface in a region of the semi- 
conductor substrate (26) in close vicinity to the sem- 
iconductor element; 
is producing a metal layer (24a) on the inner 

surface of the hole (25a); 

producing an air-bridge wiring having first 
and second portions contacting the electrode (21) 
of the semiconductor element at the f irst portion and 
so contacting the metal layer (24a) in the hole (25a) at 
the second portion; 

grinding and polishing the semiconductor 
substrate (26) at the rear surface until the metal layer 
(24a) in the hole (25a) is exposed, thereby producing 
25 a via-hole (25): and 

producing a plated heat sink (27) for heat dis- 
sipation on the rear surface of the semiconductor 
substrate (26). contacting the metal layer (24a) of 
the via-hole (25). 

30 

26. A method of fabricating a semiconductor device as 
defined in claim 25 including producing the metal 
layer (24a) of the via-hole (25) and the air-bridge wir- 
ing (24) simultaneously in the same process using 

35 the same material. 

27. A method of fabricating a semiconductor device as 
defined in claim 25 (Figs. 13(a) -13(e)) including: 

after the formation of the semiconductor ele- 
40 merit and before the formation of the metal layer (51) 
in the hole (25a) and the air-bridge wiring (24), 
depositing a wiring metal film (50) on a region of the 
surface of the semiconductor substrate (26) and in 
close vicinity to the region where the via-hole (25) is 
45 later produced; 

forming said metal layer (51) in the hole (25a) 
contacting the wiring metal film (50); and 

forming said air-bridge wiring (24) contacting 
the wiring metal film (50) at the second portion. 

50 

28. A method of fabricating a semiconductor device 
(Rgs. 6(a)-6(c)) including: 

preparing a semiconductor substrate (26) 
having opposite front and rear surfaces: 
55 producing a semiconductor element includ- 

ing an electrode (2 1 ) on the front surface of the sem- 
iconductor substrate (26); 

depositing a metal film on the front surface of 
the semiconductor substrate (26) including a region 
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where a via-hole is later produced, thereby produc- 
ing a via-hole upper electrode (39); 

producing an air-bridge wiring (24) having 
first and second portions contacting the electrode 
(21 ) of the semiconductor element at the first portion 5 
and contacting the via-hole upper electrode (39) at 
the second portion; 

grinding and polishing the semiconductor 
substrate (26) at the rear surface; 

forming a hole (25a) penetrating through the 10 
semiconductor substrate (26) by etching away a por- 
tion of the semiconductor substrate (26) from the 
rear surface until the via-hole upper electrode (39) 
is exposed; and 

plating a metal to the rear surface of the sub- 75 
strate including the inner surface of the through-hole 
(25a), thereby producing a via-hole (25) completely 
filled with the plated metal (27a), and a plated heat 
sink (27) comprising the plated metal. 

20 

29. A method of fabricating a semiconductor device as 
defined in claim 25 (Figs.8(a)-8(b)) including: 

before the formation of the air-bridge wiring 
(24), depositing a metal film on a region of the front 
surface of the semiconductor substrate (26). thereby 25 
producing a heat dissipating metal fBm (41); and 

forming said air-bridge wiring (24) contacting 
the electrode (21) of the semiconductor element at 
the first portion and contacting the heat dissipating 
metal film (41) at the second portion. 30 

30. A method of fabricating a semiconductor device 
(8(a)-8(b)) including: 

preparing a semiconductor substrate (26) 

having a surface; 35 

fabricating a plurality of semiconductor ele- 
ments on the surface of the semiconductor substrate 
(26) in an array, each element having an electrode 
(21); 

forming a plurality of heat dissipating metal 40 
films (41) on the surface of the semiconductor sub- 
strate (26) at positions adjacent to arbitrarily 
selected ones of the semiconductor elements; and 

forming an air-bridge wiring (24) having first 
portions and second portions, said first portions con- 45 
tacting the electrodes (21) of the semiconductor ele- 
ments and said second portions contacting the heat 
dissipating metal films (41). 



31. A method of fabricating a semiconductor device 
(Figs. 18(a)- 18(b) and 17(b)) comprising: 

preparing a semiconductor substrate (26) 
having opposite front and rear surfaces; 

producing a bipolar transistor on the front sur- 
face of the semiconductor substrate (26). sad bipo- 
lar transistor including an emitter electrode (21) 
having opposite first and second sides, a collector 
electrode (23) disposed on the first side of and 
spaced apart from the emitter electrode (21), and a 
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first base electrode (22) disposed on the second 
side of and spaced apart from the emitter electrode 

(21) : ^ 

forming a hole (25a) having a prescribed 

depth and an inner surface in a region of the semi- 
conductor substrate on a side of the first base elec- 
trode (22) opposite from the emitter electrode (21) 
and adjacent to the first base electrode (22); 

producing a metal layer (51) on the inner sur- 
face of the hole (25a) and on a region of the sub- 
strate between the first base electrode (22) of the 
bipolar transistor and the hole (25a), contacting the 
first base electrode (22); 

grinding and polishing the semiconductor 
substrate (26) at the rear surface until the metal layer 
(51) in the hole (25a) is exposed, producing a via- 
hole (25); and 

producing a plated heat sink (27) for heat dis- 
sipation on the rear surface of the serniconductor 
substrate (26). contacting the metal layer (51) of the 
via-hole (25). 

32. A method of fabricating a semiconductor device as 
defined in claim 31 (Figs. 19(a)-19(b)) wherein said 
bipolar transistor further including a second base 
electrode formed in a region between the emitter 
electrode (21) and the collector electrode (23) and 
electrically connected to the first base electrode 

(22) . 

33. A semiconductor device (Figs. 14(a)- 14(b)) includ- 
ing: 

a semiconductor substrate (26) having oppo- 
site front and rear surfaces; 

an electric resistance structure comprising 
an electric resistor (60) disposed on the front surface 
of the substrate (26) and having opposite first and 
second ends, a first conductive wiring (24) contact- 
ing the first end of the electric resistance (60) at a 
part, and a second conductive wiring (51) contacting 
the second end of the electric resistance (60) at a 
part; and 

a heat conducting structure comprising said 
first wiring (24). said second wiring (51). and an 
inter-wiring insulating film (72) disposed between 
thef irst and second wirings (24 & 51 ) and electrically 
insulating the first and second wirings (24 & 51) from 
each other, said heat conducting structure being dis- 
posed in close vicinity to the electric resistance 
structure, wherein the thermal resistance of the heat 
conducting path through the inter-wiring insulating 
film (72) between the first and second wirings (24 & 
51 ) is lower than the thermal resistance of the heat 
conducting path through the electric resistor (60) 
between parts of the first and second wirings (24 & 
51) contacting the electric resistor (60). 

34. A semiconductor device as defined in claim 33 fur- 
ther including: 
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a resistor covering insulating film (70) dis- 
posed on the electric resistor (60); and 

said heat conducting structure being located 
on the resistor covering insulating film (70). 

35. A semiconductor device as defined in any of claims 
33 and 34 further including: 

a first contact electrode (65) and a second 
contact electrode (66) comprising a material that 
has high adhesion to the electric resistor (60) and 
makes an ohmic contact with the electric resistor 
(60), and interposed between the first wiring (24) 
and the electric resistor (60) and between the elec- 
tric resistor (60) and the second wiring (51), respec- 
tively, wherein the thermal resistance of the heat 
conducting path through the inter-wiring insulating 
film (72) between the first and second wirings (24 & 
51) is lower than the thermal resistance of the heat 
conducting path through first contact electrode (65), 
the electric resistor (60), and the second contact 
electrode (66) between parts of the first and second 
wirings (24 & 51) contacting the first and second 
contact electrodes (65 & 66), respectively. 

36. A semiconductor device as defined in any of claims 
33 to 35 (Figs. 14(a) & 14(b)) wherein said electric 
resistor (60) comprises a thin metal film disposed on 
the front surface of the semiconductor substrate 
(26). 

37. A semiconductor device as defined in claim 36 (Figs. 
14(a) & 14(b)) further including an insulating film 
(70) interposed between the electric resistor (60) 
and the front surface of the semiconductor substrate 
(26). 



(26); 

a via -hole (25) comprising a hole (25a) pen- 
etrating through the semiconductor substrate (26) 
from the front surface to the rear surface and having 

5 an inner surface and a metal layer disposed on the 
inner surface of the through-hole (25a), said metal 
layer contacting a part of the second wiring (51) 
other than the part contacting the electric resistor 
and contacting the plated heat sink (27); and 

10 said first wiring (24) being an air-bridge wiring 

contacting the electrode (21) of the semiconductor 
element at a part other than the part contacting the 
electric resistor. 

is 41 . A semiconductor device as defined in any of claims 
33 to 40 wherein said semiconductor substrate (26) 
comprises a semi-insulating semiconductor. 

42. A serrscorxluctor device as defined in claim 40 fur- 
20 ther comprising: 

a plurality of said semiconductor elements 
being arranged in an array on the front surface of the 

serniconductor substrate (26); and a plurality 
of vta-holes being located at positions selected from 
25 positions on both sides of the array of the semicon- 
ductor elements and positions between the semi- 
conductor elements. 

43. A semiconductor device as defined in dairn 40 
30 wherein said semiconductor element is a bipolar 

transistor, and said electrode is an emitter electrode. 

44. A semiconductor device as defined in claim 40 
wherein said semiconductor element is a bipolar 

35 transistor, and said electrode is a base electrode. 



38. A semiconductor device as defined in any of claims 
33 to 35 (Figs. 16(a) & 16(b)) wherein said electric 
resistor (61) is a conductive semiconductor region 
produced within the semiconductor substrate (26) 
by adding a dopant impurity of a conductivity type 
from the front surface of the substrate (26). 

39. A semiconductor device as defined in any of claims 
33 to 35 (Fig. 18) wherein said electric resistor (62) 
is a conductive semiconductor layer produced by 
growing a semiconductor containing a dopant impu- 
rity of a conductivity type on the front surface of the 
semiconductor substrate (26). 

40. A serniconductor device as defined in any of claims 
33 to 39 further including: 

a semiconductor element disposed on the 
front surface of the semiconductor substrate (26) 
and having an electrode (21); 

a plated heat sink (27) for dissipating heat 
generated in the semiconductor element, said 
plated heat sink comprising a metal layer disposed 
on the rear surface of the semiconductor substrate 



45. A method of fabricating a semiconductor device 
(Figs. 15(a) -15(e)) comprising: 

preparing a semiconductor substrate (26) 
40 having opposite front and rear surfaces; 

producing an electric resistor (60) having 
opposite first and second ends on the front surface 
of the semiconductor substrate (26); 

producing a resistor covering insulating f ilm 
45 (71 ) on the electric resistor (60) so that the opposite 
ends of the electric resistor (60) are exposed; 

producing a first contact electrode (65) and a 
second contact electrode (66) both comprising a 
material that has a good adhesion to the electric 
so resistor (60) and makes an ohmic contact with the 
electric resistor (60), said first and second contact 
electrodes (65,66) being separated from each other, 
and said first contact electrode (65) contacting the 
first end of the electric resistor (60) while said sec- 
55 ond contact electrode (66) contacting the second 
end of the electric resistor (60); 

producing a first wiring (24) comprising a con- 
ductive material and contacting the first contact elec- 
trode (65) at a part; 
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producing an inter-wiring insulating film (72) 
on a prescribed region of the first wiring (24) where 
a second wiring (51) is later produced, said region 
including a heat conducting region in which heat is 
conducted through the inter-wiring insulating film 5 
(72) between the first and second wirings (24,51); 
and 

producing a second wiring (51) comprising a 
conductive material on a region of the semiconduc- 
tor substrate (26) including the heat conducting 10 
region so that it does not contact the first wiring (24) 
but contacts the second contact electrode at a part, 
thereby producing an electric resistance structure 
comprising the first wiring (24), the first contact elec- 
trode (65). the electric resistor (60), the second con- r5 
tact electrode (66), and the second wiring (51), and 
a heat conducting structure comprising the first wir- 
ing (24), the inter-wiring insulating film (72), and the 
second wiring (51) wherein thermal resistance of a 
first heat conducting path between the first and sec- 20 
ond wirings (24,51) through the inter-wiring insulat- 
ing film (72) is tower than thermal resistance of a 
second heat conducting path between the parts of 
the first and second wirings (24,51) respectively 
connected to the first and second contact electrodes 2 s 
(65,66) through the first contact electrode (65), the 
electric resistor (60), and the second contact elec- 
trode (66). 

46. A method of fabricating a semiconductor device as 30 
defined in claim 45 (Figs. 15(a)- 15(e)) including: 

producing the electric resistor (60) by depos- 
iting a thin metal film on a prescribed part of the front 
surface of the semiconductor substrate (26). 

35 

47. A method of fabricating a semiconductor device as 
defined in claim 46 (Figs. 15(a)- 15(e)) including: 

before the deposition of the thin metal film 
(60), forming a substrate protecting insulating film 
(70) on a prescribed part of the front surface of the 40 
semiconductor substrate (26); and 

depositing the thin metal film (60) on a pre- 
scribed part of the substrate protecting insulating 
film (70). 

45 

48. A method of fabricating a semiconductor device as 
defined in any of claims 46 and 47 (Figs. 15(a)- 
15(e)) including: 

before formation of the electric resistor (60), 
fabricating a semiconductor element having an el ec- so 
trode (21 ) on the front surface of the semiconductor 
substrate (26); 

producing said first wiring (24) contacting the 
electrode (21 ) of the semiconductor element at a first 
portion and contacting the first contact electrode 55 
(65) at a second portion other than the first portion, 
thereby producing an air-bridge wiring comprising 
the conductive material; 

after formation of the inter-wiring insulating 



film (72) and before formation of the second wiring 
(51), forming a hole (25a) having a prescribed depth 
and an inner surface in a region of the semiconduc- 
tor substrate (26) where a via- hole (25) is later pro- 
duced; 

producing said second wiring (51) by depos- 
iting a metal film on a prescribed region including 
the heat conducting region on the inter-wiring insu- 
lating film (72) and the inner surface of the hole 
(25a), contacting the second contact electrode (66) 
at a part, without contacting the first wiring (24); 

after formation of the second wiring (51). 
grinding and polishing the semiconductor substrate 
(26) at the rear surface until a portion of the second 
wiring (51) at the bottom of the hole (25a) is 
exposed, thereby producing a via-hole (25); and 

producing a plated heat sink (27) comprising 
a metal layer on the rear surface of the semiconduc- 
tor substrate (26), contacting a portion of the second 
wiring (51) in the via-hole (25), said plated heat sink 
dissipating heat generated in the semiconductor ele- 
ment. 

49. A method of fabricating a semiconductor device as 
defined in claim 45 (17(a) & 17(b)) including: 

producing the electric resistor (61 ) by forming 
a conductive semiconductor region in a prescribed 
region of the semiconductor substrate (26) by add- 
ing a dopant impurity of a conductivity type to the 
substrate from the front surface. 

50. A method of fabricating a semiconductor device as 
defined in claim 49 (Figs. 16(a)-16(b) & 17(a)-17(b)) 
including: 

fabricating a semiconductor element includ- 
ing an electrode (21 ) on the front surface of the sem- 
iconductor substrate (26); 

fabricating the electric resistor (61 ) during the 
fabrication of the semiconductor element; 

producing the first wiring (24) contacting the 
electrode (21 ) of the semiconductor element at a first 
portion and contacting the first contact electrode 
(65) at a second portion other than the first portion, 
thereby producing an air-bridge wiring comprising a 
conductive material; 

after formation of the inter-wiring insulating 
film (72) and before formation of the second wiring 
(51), forming a hole (25a) having a prescribed depth 
and an inner surface in a region of the semiconduc- 
tor substrate (26) where a via-hole (25) is later pro- 
duced; 

producing said second wiring (51) by depos- 
iting a metal film on a prescribed region including 
the heat conducting region on the inter-wiring insu- 
lating film (72) and the inner surface of the hole 
(25a), contacting the second contact electrode (66) 
at a part, without contacting the first wiring (24); 

after formation of the second wiring (51), 
grinding and polishing the semiconductor substrate 
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(26) at the rear surface until a portion of the second 
wiring (51) at the bottom of the hole (25a) is 
exposed, thereby producing a via-hole (25); and 

producing a plated heat sink (27) comprising 
a metal layer on the rear surface of the semiconduc- $ 
tor substrate (26), contacting the second wiring (51) 
on the inner surface of the via-hole (25), said plated 
heat sink dissipating heat generated in the semicon- 
ductor element 

10 

51. A method of fabricating a semiconductor device as 
defined in claim 45 (Figs. 19(a)-19(c)) further includ- 
ing: 

producing the electric resistor (62) by grow- 
ing a conductive semiconductor layer containing a is 
dopant impurity of a conductivity type on the front 
surface of the semiconductor substrate (26). 



20 



25 



30 



35 



40 



45 



50 



55 



28 




29 



EP 0 693 778 A2 



* 




30 



+ 

EP 0 693 778 A2 




31 



EP 0 693 778 A2 



Fig.5 
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Fig.7 
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Fig.8 (b) 
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Fig.9 
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Fig. 11 (a) 




Fig.11 (b) 
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Fig.12 
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Fig. 16 (a) 
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